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Transactions  of  the  second  All-Onion  conference  on  charged 
particle  accelerators  T.  1  publishing  hoase  "Science".  1972. 

In  the  works  of  the  second  All-Onion  conference  on  charged 
particle  accelerators  are  placed  the  naterials,  which  reflect  the 
contemporary  state  of  theory  and  of  accelerators  technique.  In  Soviet 
and  foreign  specialists*  reports  they  are  described  newest 
accelerators  of  different  types  as  well  as  aost  iaportant  systees  and 
elenents/cells  of  accelerators.  The  transactions  of  conferenca  are 
published  in  two  voluses.  The  first  contained  reports  about  the  new 
nethods  of  acceleration,  about  the  use/application  of  superconducting 
eleaents  in  the  accelerators,  the  survey /coverage  of  the  state  of  the 
accelerators  of  different  types  and  new  projects  and  others. 

The  naterials  of  conference  will  be  useful  for  specialists, 
connected  with  developwent  and  operation  of  charged  particle 
accelerators. 

Organizers  of  the  conference: 


Acadeay  of  Sciences  of  the  OSSB 
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State  coeaittee  on  the  use  of  atceic  energy  of  the  OSSB* 
Responsible  editor  k.  1.  Vasil*yev. 
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FR08  THE  EDITOR. 

To  the  second  All- Onion  conference  on  charged  particle 
accelerators  were  represented  175  reports  110  of  which  were  reported 
on  twenty  the  sessions  of  conference  and  special  seainars. 

In  the  works  are  published,  with  sons  saall  exceptions,  all 
represented  at  the  conference  reports,  and  also  anterials  of 
discussion.  The  transactions  of  conference  are  published  in  two 
voluaes. 

The  first  Toluae  includes  reports  of  the  I-TI  sessions  of 
conference. 

It  is  possible  to  hope  that  containing  in  the  reports  and  the 
discussions  useful  infcraation  sill  be  used  by  specialists  in  their 
daily  activity. 


1.  A.  Vasil*  yew 
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OHG  AI IZ  ATIOHAL  COHSITTSS  Of  TUB  SSCOID  All-OIIOB  CORFBBBBCB  01 
CHARGED  PARTICLE  ACCELf I1IO&S. 

A.  L.  Hints  (chairaan)  -  the  chair nan  of  scientific  council  for  tha 
problees  of  the  accalaration  of  tha  charged/leaded  particles  OYaP  of 
the  AS  USSR. 

A.  A.  Vasil' yev  (vice  chairaan)  -  the  radio  engineering  institute  of 
the  as  as sb. 

Yu.  M.  Antonov  -  radio  engineering  institute  of  the  as  ossr. 

V,  A.  Ausleader  -  institute  of  the  nuclear  fora  of  SO  AS  OSSI  [ 

-  Siberian  Depart aent  of  the  icadeay  of  Sciences  of  the  OSSB]. 

0.  A.  Val'dner  -  Hoscov  physical  engineering  institute. 

0.  A.  Voynalovich  -  state  coaaittee  on  the  use  of  atonic  energy  of 
the  OSSB. 

v.  a.  Glukhikh  -  scientific  research  institute  of  the  electrophysical 
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equip aent  ia.  D.  Y.  Sfzeiov. 

L.  L.  Sol* din  -  institute  of  theoretical  and  axpariaantal  physics. 

I.  A.  GrishaUv  -  physiotechnical  institute  of  AS  OkSSB. 

Y.  P.  Daitriyevskiy  -  Joint  Institute  for  nuclear  Research. 

S.  K.  Tesin  -  Yerevan  physical  institute. 

y.  A.  Kozlinskiy  -  state  coaaittae  on  the  use  of  atonic  energy  of  the 
QSSR. 

A.  A.  Koloaenskiy  -  physical  institute  ia.  P.  M.  Lebedev  of  the  AS 
OS  SR. 

A.  A.  Kuz’ain  -  radio  engineering  institute  of  the  as  ossr. 

r.  A.  Ronoszon  *  scientific  research  institute  of  the  electrophysical 
eguipaent  ia.  D.  Y.^jbfxeaov. 

f.  P.  sarantsev  -  Joint  institute  for  nuclear  Research. 

Y.  P.  Seaenov  -  TsNIl Ate ain fora. 
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OPERATIONAL  PROCEDURE  CP  CO  If  ABA  AC  B. 

11  RofMbir,  tha  aorning.  -  The  o panin g  of  conference.  introductory 
coaaant  chair aa a  of  tha  organization  coaaittaa  of  A.  L.  flints *s 
confaranca  Greetings  frca  tha  AS  USSR  (Pica  President  of  tha  AS  USSR 
A.  7.  Kotelnikov)  and  icon  State  Ccaaittaa  for  tha  as*  of  atoaic 
energy  of  the  OSSB  (deputy  chair a an  Goskoaitet  I.  D.  florokhov). 

I  session  -  Chairaan  A.  L.  flints.  Conparative  character 1st iea  of  tha 
accalaratora  of  diffaraat  types  fros  tha  point  of  via*  of  physical 
azperiaent. 

On  11  flovenber,  evening  is.  tha  II  session.  -  fthairaan  A.  A.  Rauaov. 
State  of  tha  accalaratora  of  different  types,  designs  of  aaa  ones  and 
reconstruction  of  tha  acting  installations. 

On  12  Noveaber,  aorning  is.  tha  Ill  session.  -  Chairaan  Ye.  G.  Koaar. 
Direct  voltage  accelerators.  Ionic  and  electronic  sources. 

On  12  Roveaber,  evening  is.  the  IV  session.  -  Chairaan  R.  A* 
nonoszoa.  Elactronagneta  of  accelerators  and  systen  of  their  supply. 
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Ragnetic  aeasureaents. 

Cn  13  Rovesber,  aorning  is.  tba  T  session.  -  Cbairaan  T.  P. 

Sarantsev.  Collective  aethods  of  accalaration. 

On  13  Bo  ▼•■bar,  evening  ia.  the  vi  sassion.  -  Cbairaan  P.  A. 
vodop'yanov.  saparcond acting  elaaents  of  accelerators. 

on  16  Roveaber.  aorning  ia.  tba  VII  sassion.  -  Cbairaan  A.  A. 

Xnz'ain.  Radio  electronics  of  accalarators.  naasuring  sfstaas  of  tba 
paraaatars  of  baaa. 

on  16  Roveaber.  evening  is.  tba  VIII  sassion.  -  Cbairaan  B.  P.  Maria. 
Powerful/ thick  radio  engineering  davicas/eqaipaent  and  accelerating 
spate as. 

On  17  Roveaber.  aorning  is.  tba  IX  session.  -  Cbairaan  A.  A. 
Roaosenskly.  Particle  djaaaics  in  tba  accalarators.  tba 
accaaalators/storage  and  tba  installations  «itb  clashing  beans. 


17  Rovaabar.  evening.  X  session.  -  Cbairaan  D.  6.  Kosbkarev.  particle 
dpnaaica  in  tbe  accelerators,  tba  seen an la tors/ storage  and  tba 
installations  vitb  clashing  baa as. 
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Cn  18  Roveaber,  aorning  is.  tbe  XX  session.  -  6tirm  L.  L.  Sol* din. 
Targets,  ssparatioa  aad  transportation  of  beaas.  Input  sad  oatpot. 

Ca  18  Roveaber#  evening  is.  tbs  XX2  ssssioa.  Cbairaao  A.  A. 

Vasil*  ye  v.  Control  sad  dirsetion  of  sccslsrstors  with  tbs  sid  of  tbs 
co spa tors. 

Coverage  of  convention,  final  word  of  ebairnsn  oxgkoaitet  A.  L. 

Hints. 
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Introductory  consent  of  tha  chair nan  of  the  organization  coaaittaa  of 
tha  confaranca  of  acadcaician  A.  L.  Hints. 

Daar  coaradas  and  associates,  ladiaa  and  gantlaaan  ( 

On  tha  coaaiasion  of  organisational  coaaittaa  on  tha  convocation 
of  tha  sacond  All- Onion  confaranca  on  tha  accelerators  of  those 
eharged/loaded  particle  I  have  an  honor  to  great  you,  of  gathering  in 
this  hall  of  Hoscow  house  scientists. 

To  us  supplies/delivers/feeds  into  tha  specific  satisfaction 
presence  at  this  conference  of  all  chief /leading  scientists  and 
engineers  of  tha  soviet  onion  vhc  deal  by  study,  developaent  and 
construction  of  particle  accelerators  in  our  country,  and  also  tha 
arrival  of  aany  foreign  scientists,  vho  politely  accepted  oar 
invitation  to  arrive  in  Hoscov  and  to  sake  reports  and 
conaunlcations/reports  atont  their  nevest  works. 


This  testifies,  besides  entire  other,  about  the  value  of  oar 
first  conference,  called  in  Hoscov  in  1966.  The  transactions  of  this 
conference  were  sent  out  to  all  its  participants.  The  transactions  of 
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the  second  confers nee  sill  bs  also  published  and  entrusted  to  its 
participants. 

aissions  which  the  icadeay  of  Sciences  of  the  OSSR  and  the  state 
cosaittee  on  the  use  of  atonic  energy  assigned  before  the 
organization  cosaittee  of  oar  conference,  include,  besides  the 
traditional  theaatics.  also  the  survey/ccverage  of  the  fandaaental 
questions  sciences,  connected  with  questions  cf  con t sapor ary  nuclear 
physics  and  physics  of  high  energy  particles. 

Reports  will  be  dedicated  to  both  the  classical  systens  of 
accelerators  with  the  fined  targets,  to  clashing  beans  of  various 
kinds,  to  rings  and  to  collective  net hod a  of  acceleration.  Logically, 
will  be  given  attention  to  the  eso  of  the  pheaoaenon  of 
superconductivity  for  the  creation  of  the  aagnetic  fields  of  high 
intensity  and  for  reducing  the  losses  in  the  accelerating  structures. 

The  attentive  study  of  the  aethods  of  the  investigation  of 
conteaporary  physics  leads  to  the  conclusion  that  for  the  newest 
physical  instruaents  very  characteristic  is  an  increase  in  their 
sizes /diaensions.  coapleiity  and  cost/value.  Hence  and  was  horn 
winged  phrase  about  the  industrialization  of  conteaporary  physics. 
Giant  radiotelescopes  fox  studying  the  a zt rat arrest rial  sources  of 
radio  eaission  becaae  the  conventional  tools  cf  the  ezperiaent  of  the 
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radios  astronoaer.  Ia  this  cass  it  should  be  aotad  that  tha  study  of 
distaat  objscts  of  aacxocesa  reg wires  not  only  large,  but  also 
precision  observation  systeas,  especially  ia  proportion  to  the 
shortening  of  wavelengths  ia  the  range  of  observation.  Is  also 
eztreaely  important  obtaining  the  high  resolution  of  all  astronoeical 
instruaents. 

siailar  pattern  occurs,  also,  during  the  study  of  aicrocose  -  in 
nuclear  physics  and  in  the  region  of  eleaentary  particles. 

with  the  decrease  of  the  studied  lengths  is  necessary  to  apply 
charged  particle  accelerator  everything  of  high  and  high  energies, 
i.e.,  also  the  giant  aid  siaultaaeously  precision  and  expensive 
installations,  on  the  ether  hand,  for  the  understanding  of  nuclear 
physics  and  different  pheaeaeaa  cf  nicrocosn  it  is  necessary  to  have 
installations  of  high  resolution. 

However,  the  induatrinlisation  of  physics  does  not  coapletely 
eliainate  the  creation  of  new  aetheds  and  instruments  of  the 
sequences  in  which  the  fineness  of  the  setting  of  experloeut  and  the 
depth  of  teen  vision,  and  also  ingenuity  and  power  of  observation  of 
researcher  will  aake  it  possible  to  sake  renarkable  works  with  the 
relatively  siaple  instruaents.  is  the  esaeple  let  ae  point  out  the 
discovery/opening  of  the  effect  of  Rossbauer,  the  discovery  of  the 
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effect  of  Tavilov-C^renkov*  ate. 

It  is  extraialy  iMicaklt  so  that  and  in  tho  fiald  of  ths 
creation  of  charged  part  Ida  accelerators  wa  coaid  snitch  over  to  the 
■ora  available  and  less  expensive  technology. 

After  the  termination  of  confaranca  is  provided  for  the  visit  of 
accelerative  canters  in  Boscom*  Sexpnkhov  Dubna  and  Hovosibirsk. 

Besides  plenary  nestings*  nill  be  carried  oat  the  seninnxs  for 
separate  argent  gaesticas. 

Although  the  visit  of  the  Soviet  Onion  by  foreign  participants 
in  the  conference  occurred  yearly  daring  the  latter/last  three  years* 
I  hope*  that  also  oar  this  aeeting  nill  be  aseful  and  interesting. 

I  varaly  desire  to  you  both  the  successful  eork  at  the 
confaranca  itself  and  realization  of  the  friendly  contacts  bateeen 
the  scientists  in  the  lobbies  of  oar  conference  end  daring  the  visit 
of  accelerative  centers  and  institutes  in  oar  country. 

The  second  All-Onica  conference  on  charged  particle  accelerators 


I  declare  opened 
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SALUTATORY  WORD  OF  THB  V1CB  FIBS JOINT  OF  THE  ACADEBY  OF  SCIBBCBS  OF 
THB  USSR  OF  ACADBBICIA I  V.  A.  KOTBL* BIKOY. 

Inspected  coarades,  ladies  and  gent lane n  ! 

The  presidiaa  of  the  Acadeaj  of  Sciences  of  the  Onion  of  Soviet 
Socialist  Republics  directed  to  as  to  greet  gathering  in  this  hall  of 
the  scientists  and  specialist* participants  in  the  second  All-Onion 
conference  on  charged  particle  accelerators. 

The  Acadeay  of  sciences  of  the  DSSR  considers  science  and 
technology  of  charged  particle  accelerators  the  very  iaportant  branch 
of  knowledge.  As  is  known#  accelerators  are  the  conteaporary  aachines 
of  the  knowledge  of  the  structure  of  natter  at  all  levels,  which 
relate  to  the  aicrocosa. 

In  connection  with  this  is  the  Acadeny  of  sciences  of  the  OSSR 
in  1967  was  organized  the  scientific  council  for  the  problens  of  the 
acceleration  of  the  charged/loaded  particles,  which  was  intended  to 
carry  out  the  coordination  of  scientific  research  works,  and  also  a 
cooperative  study  of  principles#  which  lie  at  the  basis  of  the 
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accelerators  of  light  and  heavy  particles. 

A song  the  nuaerous  tasks  the  coaacil  is  obligated  once  a  two 
years  to  carry  oat  the  All-Onicc  conferences,  to  which,  besides  the 
aajority  of  the  specialists,  who  work  in  the  region  of  accelerators 
in  oar  country,  arrive  the  goests  fros  the  foreign  countries.  This 
fact  is  allowed,  together  with  the  discussion,  if  one  say  put  it  that 
way.  internal  guestions.  to  carry  out  autual  familiarization  with 
achieveaents  and  plans/layouts  of  the  Soviet  and  foreign  scientific, 
working  in  the  region  accelerators. 

To  ne  it  is  considered  by  very  advisable  that,  besides  the  basic 
reports  at  the  plenary  seetings  of  conferences,  would  be  conducted 
the  specialized  seainars  for  narrower,  sore  urgent  guestions.  This 
will  sake  it  possible  tc  tore  deeply  discuss  the  sost  acute  sosents 
of  accelrator  science  and  technology  to  which  you  dedicated  your 
activity. 

On  behalf  of  the  presidius  of  the  Acadeay  of  sciences  of  the 
OSSB  and  frou  itself  I  personally  hotly  desire  the  great  successes  in 
the  work  to  all  participants  in  the  present  conference,  and  also  the 
successful  faailiarizatien  with  the  accelerative  centers  of  our 
country. 
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SALOTATOBT  BOBD  OP  THB  DBPOTX  CHAIHH AH  OF  STATB  COBH ITT BB  OH  TBB  OSB 
CP  ATOBIC  BHBB6T  OF  TH I  OSS 8  2.D.  BOBOKhCVA. 

Suspected  Comrades  !  Ladies  and  gentleaen  ! 

It  is  glad  to  greet  you  in  oar  capital  which  hospitable  three 
open  to  the  door  of  this  splendid  hall  for  the  specialists,  who 
dedicated  their  life  tc  charged  particle  accelerators  ! 

Accelerators  -  this  is  poverf ul/thick  instrument  for  studying 
the  structure  of  material.  Hord  itself  "accelerator"  reflects  the 
noble/precious  sense  of  your  ef f orts/f orces ,  your  work  for  the  good 
of  nan. 

Tou  accelerate  the  progress  ef  aost  complicated  and  most 
aajestic  science  -  physics.  Tou  accelerate  the  process  of  knowledge 
by  aan  of  the  concealed/ latent  in  the  depths  aaterial  of  the 
aysterious  essence  of  things,  eleaeatary  particles  of  the  aaterial. 
With  each  year  is  widened  our  knowledge  about  the  structure  of 
aaterial. 
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The  prophetic  words  of  the  founder  of  great  Lenin's  Soviet 
state:  "Slectron  so  inexhaustible  as  aton,  nature  it  is  infinite... «. 
they  were  filled  by  the  new  content. 

inexhaustible  the  step/stage  of  the  knowledge  of  nicrocosa.  Is 
difficult  path  to  the  creation  of  the  ordered  theory  of  eleaeatary 
particles,  but  it  would  fce  generally  ia possible,  if  you  did  not  work, 
were  not  opened  and  did  not  construct  giant  aachines. 

In  the  Soviet  Qnioa  the  Coaaoaist  Party  and  the  goveraaeat  ia 
every  way  possible  encourage  developaent  of  accelerative  technology. 
All  you.  obviously,  you  know  Serpukhov  the  accelerator  of  protons 
which  holds  the  first  place  la  the  world  on  the  energy  of  protons 
reached.  In  this  year  the  party  and  governaeat  worthily  noted 
participants  in  the  construction  of  this  unique  physical  iastmaent. 
The  Lenin  prize  and  two  state  prises  are  given  out  to  the  series /row 
of  the  outstanding  specialists  when  you  can  see  in  this  hall. 

I  aa  glad  to  congratulate  you.  expensive  laureates,  with  this 
acknowledgeaent  of  your  aerits  I 

Certainly,  you.  ccazades  are  laureates,  you  personify  the  very 
large  collectives  of  workers,  engineers,  scientists,  who  were  working 
it  is  aore  than  10  years  on  developaent.  creation  and  adjustaent  of 


1 
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this  physical  giant.  Bat  in  this  Many- faced  labor  flow  you  were  the 
■a in  things,  after  that  to  you  honor  and  glory  ! 

The  tasks,  confronting  the  accelerative  technique  of  the  Soviet 
country  and  other  countries,  ar«  clear  and  clear:  to  raise  the 
effectiveness  of  the  acting  accelerator  facilities:  to  constantly 
iaprove  the  technical  level  of  accelerators  and  entire  physical 
equipaent,  connected  with  the  experiaental  works;  to  autoaate 
expert aents  and  processing  of  their  results;  to  search  for  new  ways 
in  the  accelerative  technology  -  they  are  cheaper,  nore  effective.  To 
necessarily  better  and  acre  f ully/totally/ccapletely  study  foreign 
ezperiaent,  to  fasten  scientific  ccnnectiona/coaaunications  and 
-international  collaboration  both  with  the  scientists  of  the  socialist 
countries  and  with  all,  who  want  sparking  and  it  is  honest  to  work 
with  us  together,  hand  tc  hand,  on  the  aost  coupler  pcoblees  of 
high-energy  physics. 

Our  design  engineers  aust  especially  aany  forces  and  tine  give 
to  econoaic  questions,  propose  the  beautiful  and  inexpensive 
solutions,  exhibit  sore  than  ingenuity  and  initiative. 

Here  are  present  the  foreign  guests  who  arrived  to  our  national 


conference  in  order  to  exchange  plans/layouts  and  thoughts. 
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We  await  fcoa  the  guests  of  friendly  criticisa  and  friendly 
counsels, 

Stata  coaaittoo  on  the  oso  of  atonic  enexgy  fron  its  si da  will 
do  everything  so  that  cax  foroign  guests*  stay  in  tha  Soviet  Onion 
Mould  be  pleasant  and  useful. 

»e  hope  that  the  sltoation  at  the  conference  will  be 
unconstrained,  creative,  business. 

we  desire  to  all  yaxticipants  in  the  conference  of  the  sacceasee 
in  the  work  ! 

I  thank  you  for  tha  attention. 
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Session  1. 

COHPkBITIVB  CHARACTERISTICS  OP  Til  ACCEIIRATOIS  OP  DIFFBRSHT  TYPES 
FBOH  THE  POUT  OP  YIEB  CP  PHISICU  EX  PEE  IB  BIT* 

1.  Possible  directions  of  physical  investigations  on  the  accelerators 
cf  the  nearest  future, 

l.  Am  Koaar. 

(Physical  institute  in,  I,  I.  Lebedev  of  the  AS  OSS l) . 

1,  Introduction. 

1,  in  connection  nith  coad acting  at  present  construction  of 
j several  large/coarse  accelerators,  and  also  plans/layouts  of  creation 
even  of  nore  poverf ul/thicker  accelerator  facilities  it  is  of 
| interest  to  discuss  question  about  vhat  kind  cf  task  advances  today*s 
developaent  of  physics  ci  eleaentary  particles  and  vhat  ex perl neats 
in  view  of  this  will  be  placed  first  of  all  on  nev  accelerators,  la 
ether  words,  ve  want  tc  sake  the  atteapt  to  ccae  to 
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light/detect/expose  th«  aost  characteristic  and  sost  probable 
dir act ion a  of  physical  investigations  on  tha  accalarators  of  the  narfc 
years.  In  this  case  will  be  incidentally  discussed  a  question  also 
about  conforaity  in  vhich  are  found  the  deseeds  of  theory  and 
accelerative  possibilities. , 

During  the  deteraination  of  tha  character  of  future  physical 
investigations  we  logically  proceed  froa  the  representation  about 
what  tasks  of  considering  it  iaportaat,  and  what  secondary.  Since 
these  representations  are  couplets ly  blown  by  our  today's 
understanding  of  the  prcperties  of  eleaentary  particles  and  their 
interactions,  should  be  aware  in  the  fact  that  our  conclasioa/oetput 
and  conclusions  will  carry  very  preliminary,  tentative  character. 

Tine  can  introduce  in  then  essential  corrections. 

2.  Conteaporary  physics  of  eleaentary  particles  is  characterized 
by  sufficiently  large  quantity  of  actual  data.  However,  as  before,  it 
not  in  the  state  to  describe  then  fron  unity  of  opinion.  Always 
renal  as  perception,  that  none  essential  parts  of  the  inforaation  are 
absent.  In  the  theory  cf  eleaentary  particles  in  recent  years 
predoainates  seal-pheacaenologlcal,  nodal  approach.  This  approach,  as 
a  rule,  can  pretend  to  the  description  of  the  phenoaesa  only  in  the 
United  region  of  energies  or  transferred  lapilses/noaenta/pulses 
(relative  to  saall  ones  or  aaiiaally  large)  and  it  does  not  sake  it 
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possible  to  obtain  th«  c caplets  picture  of  interact ion. 

Phenoaenological  in  its  auuu  is  tbs  description  of  nesses  and 
quant ue  naabers  of  the  eleaeataxy  particles  whose  quantity  all  beilds 
up.  Phenoaenologically  axe  introduced  into  the  theory  of  eleaeatary 
particles  the  syaaetxies  and  their  disturbance/breakdown.  Be 
understand  neither  origin  of  these  syeeetries  nor  natnre  of  their 
di  st  n  r  ban  ce/br  ea  kdow  a. 

Phenoaeaological  at  its  basis  is  very  division  of  interactions 
into  the  strong  ones,  the  electxeaagnetic  ones  and  the  weak  ones.  Be 
do  not  know,  do  exhaast  they  ail  possible  interaction  nodes,  and 
therefore  we  just  as  willingly  recently  discuss  hypotheses  about  the 
nltrapowerfnl  ones,  the  extra  weak  ones,  the  seeiweak  and  the  like 
interactions. 

In  order  to  overcome  this  abundance  phenoeenologisa  in  order  to 
aake  a  selection  between  different  nodels.  and  sebsegnently  to  pass 
to  the  construction  of  the  theory  of  ale Bentary  particles,  are 
necessary  new  experiaents  and.  first  of  all.  experiaents  with  the 
higher  energies.  This  ccnfiraatien  is  based  net  only  on  that 
generality,  that  in  this  case  we  will  switch  over  to  the  study  of  the 
saaller  distances  which  can  discover  to  ns  qualitatively  new  physics. 
In tire  conteeporary  ezpexiaent  and  theory  push  us  in  this  direction. 
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as  vs  sill  sss  bslow.  It  is  very  siailar  to  the  fact  that  ths 
key/vrench  to  tha  theory  of  elaaeatary  particlas  liss/rssts  at  ths 
region  of  very  high  energies,  so  that  now  ths  aaas  "high-energy 
physics  accepted*  will  he  coapletely  justified. 

9e  convert/transfer  nov  to  the  presentatloa  of  the  aost  probable 
directions  of  the  f art  ace  investigations. 

II.  Searches  of  new  particles. 

is  this  not  strangely  sill  seen,  but  in  spite  of  the  abeadaace 
of  the  already  known  tc  physics  eleaeatary  particles  (several 
hundred) ,  extresely  argent  is  a  gaestion  about  the  searches  of  new 
particles.  In  this  case  search  for  the  particles  of  several  sharply 
distinguished  types. 

1.  Pirst  of  all  these  are  new  highly  interactive  particles  froa 
class  of  particles,  kneva  by  the  naae  of  resonances.  These  particles 
coapose  the  large  part  of  the  discovered  today  particles,  and  their 
separate  groups,  apparently,  are  different  steps/stages  of  the 
escitatioa  of  one  and  the  sane  systea.  If  this  then,  it  is  estreaely 
iaportaat  to  coae  to  llght/detect/erpose  lass  in  the  location  of 
these  escitations  which  would  help  to  sore  deeply  understand  the 
nature  of  the  forces,  which  control  these  excitations.  Situation  here 
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can  ba  analogous  sitoatica  ia  ataaie  spectroscopy  where  tha  eapirical 
lass  laid  way  to  qoantua  aachaaica. 

ira  today  known  resonances  ia  aassaa  to  3.S  caf.  Available 
particles,  however,  it  la  aot  sufficient  for  tha  astabliahaaat  of 
datacaiaad  regularities. 

Paga  10. 

It  ia  vary  asaantial  tc  kaow  boa  far,  with  raapact  to  aaas,  atratch 
raaoaanca  atatas  or  their  aaaaaa  thay  ara  liaitad  by  cartaia  liaiting 
value.  Ia  tha  lattar  caaa  tha  accalarators  of  vary  high  anargias  will 
not  ba  required.  Bat  in  aoaa  aodala  appaars  tha  linear  spin 
dependence  of  tha  sqoaxe  of  aasa.  Ia  order  to  trace  this  dependence, 
will  ba  ragairad  proton  accalarators  all  of  tha  increasing  anargias. 
now  tha  searches  of  new  rasoaaacas  ara  ccndactad  in  Serpakhov  and 
will  ba  doabtlessly  they  con tinned  on  tha  accelerator  in  Batavia 
(OSA) . 

2.  Following  object  for  searches  -  goarks.  It  is  wall  known  that 
tha  ezistence  of  goarks  could  explain  tha  appearance  cf  properties, 
characteristic  for  Su9  (unitary)  synnatry,  in  tha  highly  interactive 
particles.  In  the  prasuaca  of  quarks  it  woold  ba  aora  siaply  cone  to 
light /da tact/a zposa  lava  in  tha  spectra  of  resonances,  it  woold  ba 
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possible  to  explain  guaatua  nu abacs  of  resonances. 

Until  today  quarks  ace  not  discovered,  and  accelerative 
expeciaent  gives,  that  the  aass  of  quark  aost  likely  sore  thaa  5  Gef. 
Ent  qaarks  are  so  teaptieg  aa  object,  that  physics  soon  sill  not 
forego  the  atteapts  their  detactioa. 

Bith  the  energy  of  the  protons  of  order  1000  Gef  it  would  be 
possible  to  aove  searches  to  **  20  Gef. 

ire  recently  obtained  iaf or nation,  that  the  quarks  are  recorded 
in  the  process,  which  is  developed  with  the  energy  10**  ef  in  the 
cosaic  cays.  (Expeciaent,  teas,  it  is  not  is  not  very  reliable).  So 
that  the  searches  of  quarks,  apparently,  still  for  loag  will  reaain 
in  the  study  prograa  on  the  accelerators,  switching  on  installations 
with  the  proton- proton  and  proton-anti proton  beaas. 

3.  One  additional  loag  ago  ua known  object  -  interned! ate  vector 
boson  (B) .  Its  detactioa  coaid  introduce  substantial  changes  late  our 
understanding  of  the  structure  cf  weak  interactions. 

By  the  way,  in  this  case  centenary  four-feraionic  interaction 
would  be  not  aore  thaa  a  good  aedel  for  describing  the  weak  processes 
with  the  relatively  low  energies  (point  of  view,  which  has 
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sufficiently  such  adherents!).  lover  boundary  for  the  aaes  of  a  a* 
boson  according  to  the  different  estimations  is  2-6  Gev.  There  are 
nueerous  hypotheses  in  which  figure  aany  varieties  of  inter aediate 
bosons.  But  they  all  ccaverge  in  the  fact  that  a  a-  boson  (or  bosons) 
aust  be  heavy  <  mw>  i°  Wet  perhaps  even  >30  GeV).  in  any  event  for 
the  searches  are  necessary  the  accelerators  to  the  very  high  energies 
(froe  100  Ge7  it  is  above).  The  search  of  a  a-  boson  uill  be  one  of 
the  central  tasks  in  the  investigations  on  the  accelerator  in  Batavia 
(tJSA) .  In  the  case  of  failure  the  searches  vill  be  doubtlessly 
continued  on  the  even  larger  accelerators. 

4.  Long  tiae  attracts  attention  of  physicists  this  enotic 
particle,  as  son o pole  (particle,  carrying  magnetic  charge  g) .  In  this 
case  g*/hcs137/«  is  greet.  Based  on  this,  it  is  possible  sieply  to 
show  that  so  that  the  aoaopole  generally  would  exist  in  the  free 
state,  its  aass  aust  be  large  (net  less  several  GeV.  or  even  10  Get). 
Its  searches  were  thus  far  unsuccessful.  But  since  it  can  be  very 
heavy,  its  searches  will  continue  (in  particular,  in  Batavia) •  The 
existence  of  aonopole  could  explain  the  guantiration  of  electric 
charge.  Due  to  the  large  constant  gVhc  the  aoncpoles  were  recently 
used  for  explaining  the  nature  cf  strong  interactions. 

5.  very  interesting  ones  are  searches  also  of  such  exotic 
cbjects  as  heavy  leptots. 
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la  t he  pr«mscs  their  cor  representations  about  the  faaily  of  leptons 
one  should  subject  to  radical  review. 

Are  not  excluded  existence  and  other,  not  of  the  known,  until 
now,  to  physicists  particles,  aainlj  heavy  (a>10  GeT).  Part  of  then 
could  decoapose  into  p-aeso  and  cause  soae  anoaalies  of  their 
behavior  with  the  energy  ^)0t2  e¥. 

It  is  shorter,  physics  they  recently  exhibit  the  increased 
interest  in  the  new  particles  which  could  lead  to  conpletely  new 
connect ions/coaaunicat ions  in  the  world  of  known  eleeentary 
particles. 

III.  Checking  the  locality  of  theory,  search  of  length  eleaent. 

Locality  -  one  of  the  basic  principles,  on  which  rests  the 
conteaporary  theory  of  aleneatary  particles.  It  the  sane  tine 
precisely  locality  is  the  reason  for  divergence  in  the  theory,  so 
departures  froa  the  locality,  until  now,  it  is  discovered,  the 
corresponding  linitatiens  to  length  eleaent  (  l  )  co a prise: 

6*  ( 2  V  5 )  io"15  cn.  This  aituaties  cannot  but  intrigue  physicists  and, 
naturally,  that  the  searches  of  departures  free  the  locality  will  be 
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continued  with  t he  high  energies  end  at  the  saaller  lengths.  Known  in 
particular  that  iaaediate  objective  is  length  Bv»  connected  with  weak 
Interactions  (  Bvr"8*10"^*). 

1.  As  the  best  netted  of  checking  locality  is  usually  considered 
conducting  electrodynasic  ezperiaents,  since  sections  of 
corresponding  processes  can  be  sufficiently  accurately  calculated  on 
basis  of  guantua  electrodynamics,  local  at  its  basis.  All  this 
undoubtedly  it  is  correct,  bat,  as  we  now  will  see,  there  are  other 
sethods  of  checking  the  locality. 

The  wo st  effective  checking  of  locality  in  the  electrodynasic 
processes  will  be  within  the  sent  few  years  carried  out  on  the 
installations  with  the  clashing  electron-positron  beans  in  the 
reactions  of  the  type; 

e~+e+—  e”+  e*  or  e_+e+  —  T  +  T- 

In  these  processes  with  the  energy  of  particles  in  bean  *10  Ge?  and 
by  the  preclsions/aceuxacles  of  neasurenents  by  s3o/o  it  is  possible 
to  achieve  the  border  of  lengths  of  ca.  This  already  very 

clcse  to 

2.  Another  anthod  of  checking  locality  consists  of  checking  of 
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dispersive  relationshi ps/ratios  for  processes  of  scattering  (forward) 
highly  interactive  particles*  for  ezaaple*  for  »B-  scattering.  During 
the  distar bance/breakdcwa  of  locality  will  be  disrupted  dispersive 
relationships/ratios.  Dispersive  relationships/ratios  connect  the 
real  part  of  the  scattering  aaplitsde  (Bek)  with  the  integral  on  the 
energy  of  the  total  scattering  cross-section  (  3 tot  Pot  their 
checking  one  should  we a sore  lei(B)  with  sufficiently  high  energies  S 
and  ff-tot  as  function  2  in  possibly  the  wider  interval.  Such 
■easureaents  in  1000-2 GOO  Gel  regions  will  also  derive  us  into  the 
region  of  lengths  -10“14  of  ca.  sith  further  increase  in  the  energy 
cf  accelerators  the  upper  liait  for  e  will  be  reduced  ^l/fE- 

One  additional  aethod  of  checking  of  locality  and 
general/couaon/total  principles  cf  theory  is  connected  with 
■easureaaat  6t*jt  for  particle  Q'-$rt  )  and  antiparticle  <  ®tat  1  on  one 
and  the  sane  target*  fee  ezaaple  hydrogen*  with  aaziaally  available 
energy.  By  ezaaples  can  serve  interactions  w^p,  K*p,pp  and  pp. 

Page  11. 

The  ezperiaents  of  such  are  plansed/glided  in  a  nuaber  of  the  firsts 
on  all  future  accelerators.  It  can  happen*  that  «Bd  s  tot  with  an 

increase  in  the  energy  will  act  approach  one  and  the  sane  liait.  In 
this  case  as  the  test  c 2  locality  can  serve  the  dependence  on  the 
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energy  of  the  relation  of  the  real  and  alleged  parts  of  the 
scattering  aaplitnde  forward.  In  this  case  ReA/imA~Bn£.  in  order  to 
trace  this  sof f icientl y  steady  dependence,  can  be  required 
accelerators  with  the  energy  >1000  GeV.  Shea  13 tot” atcrt  |^(9aA/iw«A)»0. 


3.  supplementary  possibilities  of  checking  locality  disclose 
study  of  behavior  of  fcrs  factors  as  functions  of  transferred 
iapulse/Boeentua/palse  t  in  space-like  and  tiae  -  siailar  regions, 
kith  the  observance  of  locality  these  fa actions  east  be  identical 
(with  t-*~) .  For  this  checking  is  necessary  the  coabined  study  of 
processes  of  the  type 


a)  8_4-p— •  e"+p, 

p  +  p—  e"+e+ 

*“+  e”—  «“+«" , 
e"+e+— 

Key:  (1) .  or. 


& 


e~+e*-*p+p; 


It  is  inportant  to  eapbasize  that  the  investigation  of  these 
processes  will  becoae  actually  available  on  the  installations  with 
the  clashing  electron- positron  beans  of  sufficiently  high  luniaous 
densities  or  in  the  prctca  each in es  into  hundreds  of  GeF,  possessing 
beans  antiprotons  and  picas  of  the  required  high  intensity. 


IF.  Soee  questions  of  dyaaaics.  testing  aodels. 


& 
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la  the  study  of  dynamics  physicists'  iatsrssts  ia  rscsat  ysars 
were  eoacsntratsd  on  the  region  of  vary  high  energies.  This  is 
coansetsd  with  tha  fact  that  tha  aosbac  of  tha  gaaaral  coasidaratioas 
of  theory ,  and  also  available  of  tha  physicists  aodals  indicate  tha 
possibility  of  tha  vary  siapla  dependences  of  tha  sections  of 
different  processes  on  tha  kine antic  variable /a Iter Bating  (energy, 
transferred  iapnlse/nosentaa/pnlse) ,  when  the  values  of  the  latter 
are  very  great.  Physics  cf  very  high  energies  in  a  sense  can  prove  to 
be  sinpler  than  physics  cf  average/aean  and  lew  energies.  The  value 
of  energies,  with  which  begins  this  amplification  (asyaptotic 
ao de/conditio ns) ,  at  the  present  aosent/torgne  to  indicate 
difficultly,  so  that  ia  this  point/itea  is  required  the  aid  of 
experiaent.  It  is  possible  to  only  say  that  at  the  najority  cf  the 
cases  the  asyaptotic  range  lias/rests  beyond  the  liaits  of  oar 
present  possibilities.  *e-&e^euTfor  its  achieveaent  they  will  be 
required  energy  into  tboasand  aid  even  tens  of  thousands  of  GeT.  It 
is  important  to  enphasize  that  for  the  asyaptotic  range  the  different 
aodels  give,  generally  speaking,  the  different  behavior  of  sections. 
Thereby  the  experiaent  offers  possibilities  for  the  selection  of 
aodels,  the  contractions  of  the  circle  of  the  peraissible  assuaptlons 
and  thereby  runs  the  patfc  foe  the  construction  of  singularly  correct 
description,  it  is  possible  that  the  clear  understanding  of  specific 
character  Interaction  at  high  energies  will  help  to  construct  the 
theory  of  processes  with  the  mealier  energies. 
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1.  For  strong  inter actions  is  asyaptotic  range  total  cross 
sections  of  processes,  acst  probable,  they  fcecoae  constants.  In  this 
case  the  sections  for  particle  9t«t  and  antiparticle  can  be  both 
equal  (Poaeranchuk  theor«a)and  equal  to  each  other  (see  above). 
Checking  this  fact  is  extreaely  iaportant,  and  £or  a  long 

tine  it  will  occupy  researchers* 

attention,  since  the  asysptotic  range,  apparently,  lies/rests  not 
closely.  Be  saw  also  that  if  there  is  the  large  interest  in 

asysptotic  behavior  ( ReA/lmA)^ .  fren  the  positions  cf  the  aforesaid, 
besides  the  nentioned  above  processes  with  v±  and  K-  the  aesons,  very 
usefully  also  the  study  cf  the  process  of  regeneration  K*-t-p~K" -t-p Its 
section  directly  depends  on  [A*(0*)-'A~ynp. 

Different  nodels  predict  different  tendency  3  tot  toward  the 
Unit;  into  soae  cases  on  top,  is  ether  on  the  bottoa.  la  second 
version  with  certaia  energy  aust  pass  through  the  ainiaua.  All 
these  forecasts  need  ezperiaental  check. 

For  the  differential  elastic  cross  sections  in  the  asynptotic 
range  on  B  and  with  relatively  snail  t  the  sections  aust  take  siaple 
fora  do/dt~exp  ft/A(E)],  aoreover  the  width  of  cone  d(B)  aust 
decrease  with  the  energy  (contraction  of  cone)  according  to  the  law 
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6(E)*  i/faE  or  A(E)~  i/Cn*E .  the  deterainatioa  of  fora  of  dependence  A  (B) 
is  of  largo  interest,  lot  it  requires  ex perl sent  ia  aido  energy 
range. 


Elastic  scattaring  with  big  A  onorgios  and  largo  is 

controlled  by  other  aochanisa.  Sections  these  are  saall  and 
sufficiently  difficult  fer  the  study,  but  it  is  very  interesting, 
since  they  correspond  to  aiaiaua  is pact  paraaeters.  oa  soae  sodels 
under  these  conditions  asst  be  revealed  so-called  contact  interaction 
bet aeon  the  nucleons,  acxeover 

where  G(t)  -  nucleon  fora  factor. 

2.  For  electros ague tic  processes  in  high-energy  region  and  aejor 
soaentua  transfers  in  recent  years  is  revealed  peculiar  special 
feature/peculiarity,  which  was  called  scale  invariance.  It  turned  oet 
that  the  characteristic  functions,  which  describe  the  highly 
inelastic  electron  scattering,  Bt  and  depend  only  on  relation 
-2^  where  *  -  change  ia  the  energy  of  electron,  t  -  transferred 
iapulse/aoeant us/pulse,  and  therefore  they  are  not  changed  eith 
siaultaneous  proportional  increase  *  and  t.  Checking  the  scale 
invariance  in  the  high-energy  regica  will  play  iaportant  role  in  the 
study  prograa  on  the  new  accelerators.  Let  us  point  out  aoreover  that 
th«  different  aodels  give  diflexeat  behavior  and  asyaptotic  behavior 


DOC  *  30069201 


11C2  34 


tor  «t  and  To  estatlish/install  theu  is  possibls  only  span  the 
sotting  of  experiments  owe  «  Kids  range  »  and  t. 

Intsrssting  siapla  dspsadaacas  appear  in  the  asymptotic 
aode/conditions  for  the  total  cress  section  of  process  of 
hadrons  (in  the  single  photon  approxiaation/approach) .  Different 
aodels  give  for  ®tct^e^e 

stotCe'f  ®")~  \\EJi  • 

Host  plausible,  apparently,  is  dependence  -i/I*.  its  checking  is  very 
important,  but,  unfortunately,  it  is  difficult  to  thus  far  indicate 
necessary  for  this  pur peso  energy  ef  clashing  beans.  It  can 
noticeably  exceed  10  Gel. 

Page  12. 

Very  simple  dependences  are  noticed  at  high  energies  for  the 
processes  of  the  photo  product ion  of  pseudoscalar  aesons  forward  and 
back/ ago: 


do  i 

forward 

back/ago.  ~  *a(«0- 
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Zt  is  important  to  trace,  ars  retained  thas*  dependences  with  the 
high  aaargias. 

For  tha  photo prod action  of  factor  aasona  tha  axpariaaat  gives, 
that  and  thereto]  -g|-  dcaa  not  dapand  on  energy.  This 

proparty  is  tha  aanif a station  of  tha  hy pot basis  of  tha  so-called 
factor  doainance,  which  pr a diets  tha  nondacraasing  saction  of  tha 
photo prod net ion  of  factor  aaacas  is  tha  liait  of  tha  highast 
energies.  This  foracast  anst  ha  checked  with  tha  high  anargias. 

flith  tha  hypothasis  of  factor  doainanca  is  connactad  oaa 
additional  wary  intarastlng  foracast.  Proa  it  it  follows  that  tha 
total  cross  saction  for  process  T+p—  hadrons  doas  not  dacraasa  with 
tha  anargy  and  it  is  agaal  in  tha  falae  of  120  Mbar.  Space 
ebsarwations  show  that  thasa  it  is  approriaataly/axaaplarily  corract. 
how  oa  tha  tarn  a  pracisa  checking  of  this  confiraation  on  tha 
accalarators. 

3.  For  waak  intaractioas  ara  also  is  prospact  intarastlng 
checkings  at  high  anargias.  First  of  all  this  concerns  process 
* N—  H~  *  hadrons.  This  process  in  tha  type  is  wary  close  to  tha 
highly  inelastic  elect tan  scattering  and  in  this  case  also  aast 
bacons  apparent  scale  iawarianca.  For  tha  total  cross  saction  of  this 
process  it  is  possible  tc  expect  linear  increase  with  tha  anargy  of 
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neutrino.  C  hacking  this  dependence  is  vary  it  port  ant  both  £roa  tho 
point  of  view  of  experiaent  and  theory.  It  is  essantial  to  know,  to 
what  energies  will  be  continued  this  increase.  It  is  possible  to 
theoretically  expect  op  to  (£4)14*  10*  Ge?,  if  «e  proceed  fses  the 
aodel  of  four-feraion  iateractioa.  «e  already  said  above  in 
connection  with  the  prcblea  of  a  i-  boson  that  the  structure  of  weak 
interaction  can  be  sabst anti ally  different,  and  then  energy 

dependeneys  will  be  others  (~ tn£<).  proa  the  positions  of  universal 

(7uH)(h*h) 

four-feraionic  iateractica  continue  to  retain  their  value  searches 
interaction  in  the  process  of  fors  V  the  high 

intensities  of  neutron  haaas,  which  are  expected  in  the  large  proton 
nachines,  can  play  the  here  decisive  role. 

Hot  are  less  interesting  with  the  high  energies  of  neutrino 
checking  the  preeision/accaracy  of  the 

retention/preservation/aaintaiaiag  anon  guaatua  nunber,  rules  of 
selection  in  the  weak  interactions  and  n saber  of  other 
in  ves tigations. 

1,  Problen  of  m-n son. 

The  problea  of  a  difference  between  p-aeso  and  electron,  which 
long  ago  throws  call  theorists  and  exper iaenters,  will  undergo 
aany-sided  attack  on  the  new  aceelarators.  In  this  case  the 
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significant  role  can  play  both  the  accalarators  of  tho  typo  of 
"aeson-producinqs  cyclotron"  Hitt  tho  intonso  baa  as  of  low-energy 
p-aesons  and  non  proton  accalarators  with  tho  sufficiently  intoaoo 
baa as  of  high-energy  aeons. . Vary  teapting  is  tho  prospect  for  the 
creation  of  storage  p-  aason  rings. 

In  the  range  high-eaergy  in  a  naaber  of  the  firsts  is  assnaed 
the  investigation  of  the  highly  inelastic  scattering  of  p-  aesons. 
flith  the  full/total/ccapleta  ideatity  of  p-aeso  and  electron  the 
pi eta re  of  their  scattering  aunt  be  of  identical,  with  the 
characteristic  property  scale  invariance.  Proa  space  data  it  follows 
that  soae  differences  caa  begin  with  the  approziaation/approach  to 
1000  got,  where  there  are  indications  of  the  ancaaloos  behavior  of  p- 
aesons.  In  this  point/itea  are  necessary  carefnl  quantitative 
investigations,  very  iapcrtaat  ones  is  the  study  of  the  process 

c“+  —  h~+h+ 

with  as  the  high  as  possible  energies.  Bere  adjoins  the  study  of 
scattering  of  high-energy  p-sesexs  on  the  atoaic  electrons  and,  if 
this  proved  to  be  possible,  scattering  a”  on  pT  in  clashing  beans. 

All  these  ezperiaents  are  aiaed  at  the  searches  of  divergences  froa 
the  standard  electro aagte tic  properties  cf  avcli. 

with  the  searches  of  aaeaalies  in  the  properties  of  p-neso  are 
connected  the  ezperiaents,  aiaed  at  the  deteeticn  of  the  heavy 


DCC  *  30069201 


PIGS  38 


particles*  which  decompose  iato  the  pair  (see  above). 

VI.  Laws  of  conservatica.  Properties  of  syaaetry  at  high  eaergies. 

The  lavs  of  conservatioa  (tar yon  nuaber*  straageaess) *  property 
isotopic*  anitary  syaaetry*  and  also  discrete/digital  syaaetries  (C* 
P*  T)  have  established/iaatalled  we  ia  the  experiaeats  with 
relatively  low  eaergy*  aad  it  caaaot  be  previously  foresees*  are 
observed  they  with  the  higher  eaergies.  Therefore  it  is  expedient  to 
have  ia  aiad  the  settiag  of  experiaeats  la  checkiag  of  the  lavs  of 
coaservatioa  aad  properties  of  syaaetry  indicated,  is  yet  it  caaaot 
be  said  that  the  existing  situation  ia  physics  of  eleaeatary 
particles  iaperativaly  requires  such  checkiag.  But  if  we  recall  that 
all  disturbances /breakdowns*  found  earlier*  were  always  unexpected* 
then  there  can  be  it  is  worth  revealing  precaution. 

Is  aa  exaaple  of  the  processes  which  could  be  subjected  to 
iavestlgatioa*  let  us  point  outs 

a)  for  checkiag  straageaess  ccaservatioa 

P+b-p+z'*’, 

k“  ; 

b)  for  checkiag  the  xeteatloa/pseservatioa/aaiataialag  the  bra ion 
auaber 


? 
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P+P—  p+w*  , 

p  +  p  —  «*♦  n+, 

p  ♦  p  —  p  ♦  p* , 

p*p-h++h+; 

c)  for  chocking  T  -  invariance 

p  +  p  *+-*-d 

(obMmact  of  totiii«4  kailuct) ; 

d)  for  chectiag  c  -invariance 

^  *  ***'  ’♦  aiipOHbi, 

*  .  6> 

^  K  +K  ♦  aapoifci 

Roy:  (1).  hadrons. 

(siailarity  of  tha  energy  spsetra  of  particlss  and 
antiparticlss)  ; 

a}  for  chocking  P  *  invariance  tha  snare has  of  tho  longitudinal 
polarisation  of  ths  protean  in  pp  -scatter . 

Paga  13. 

This  anaaaration  It  is  fax  not  exhausting.  For  thasa  all 
procassas  today  it  is  act  possible  to  indicate  tha  nppar  of  tha 
toundary  of  10  anargiaa  to  ahich  ona  should  carry  oat  searches.  They 


I SXe< 
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■u»t  continue  increasingly  farther,  unless  will  appear  the 
considerations,  which  taka  such  searches  excessive. 

Everything  said  a  hove  about  the  possible  directions  of 
investigation  on  the  future  accelerators  indicates  that  in  physics  of 
eleeentary  particles  is  an  an  even  aore  sufficient  quantity  of 
probleas  and  tasks,  which  develop  by  that  justified  construction  and 
cf  ever  aore  powerf ul/ thicker  aachines.  The  gold  pore  of  physics  of 
eleaentary  particles,  apparently,  is  still  in  front.  Logically  liait 
to  further  growth  of  ecezgy  cf  accelerators  could  place  such  ideal 
situation  when  there  weald  he  obtained  coaprebensive  explanation  to 
all  known  phenonena  in  the  world  of  eleeentary  particles.  But  even  in 
this  case  we  aust  switch  over  tc  even  higher  energies. 
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2.  Superconducting  cybernetic  preton  synchrctrons  to  the  energy 
into  sotni  and  thousands  of  622,  which  use  as  the  injectors 
accelerators  with  the  lea  repetition  frequency. 

A.  L.  flints,  A.  A.  Vasil *yev,  2.  L.  Bor stein,  Te.  S.  flironov. 

(Radio  engineering  institute  of  the  AS  OSSB) . 

An  achieveaent  of  energies  cf  order  1000  Gev,  necessary  for  the 
following  stage  investigatiens  in  high-energy  physics,  can  be  carried 
out  both  aethod  of  the  ccnstsucticn  of  new  accr'erative  coaplexes 
oxer  the  new  areas  and  by  aethod  cf  the  growth  of  already  existing 
accelerative  coaplexes  £1-1  Il¬ 
ls  the  present  report  are  discussed  soae  special 
features/peculiarities  of  the  accelerative  coaplexes,  which  consist 
of  the  large  superconducting  proton  synchrotron,  injection  into  which 
is  accoaplished/realizcd  froa  the  accelerator  with  the  low  repetition 
frequency  of  the  cycles  of  acceleration.  Are  given  also  the 
estiaatlons  of  the  characteristic  paraaeters  cf  this  couples. 


The  in  question  in  the  present  report  questions  arise,  when  as 
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the  injector  in  the  large  ones  synchrotron  is  intended  to  utilize  the 
proton  synchrotron,  installed  initially  for  the  physical  ezperiaent 
in  the  region  of  energies  into  tens  of  GeV.  It  is  necessary  to  note 
that  the  ideas  of  the  use  of  such  accelerators,  which  work  with  the 
low  repetition  frequency  of  cycles,  have  long  ago  appeared;  however, 
in  this  case  the  paraacters  of  accelerative  coaplez  were  distant  fron 
the  options  ones.  This  depended  on  the  fact  that  the  tine,  required 
for  the  accuaulation  of  particles  in  orbit  cf  large  accelerator  with 
the  usual  non** superconducting  aagnet  due  to  the  large  difference  in 
the  periaetars  of  sain  accelerator  and  in jectcr- accelerator  and  rare 
iapulses/sosenta/pulses  fro a  the  injector-accelerator,  was  very  large 
(several  alnutes) .  If  cne  considers  that  due  to  the  liaitation  of 
losses  in  the  usual  aagnet  of  the  "plateau**  of  the  aagnetic  field, 
during  which  is  accoaplisbed/realized  the  conclusion  of  particles,  it 
cannot  be  aade  in  the  duration  of  sore  several  seconds,  then  this 
accelerative  coaplez  will  have  either  the  lew  intensity  (during  the 
liaitation  of  storage  tine),  or  very  large  porosity.  Both  the  one  and 
the  other  led  to  the  fact  that  proved  to  be  necessary  to  provide  for 
in  the  accelerative  cewplez  the  special  circular 
injector-accelerator,  which  works  with  the  large  pulse  repetition 
frequency.  The  construction  of  this  booster  together  with  the  linear 
in ject or- accelerator  is  it  goes  without  saying  independent  very 
coaplez  problea.  The  seccessful  developncnt  of  the  superconducting 
cable  with  thin  stranded  conductors  [  12,  13],  of  the  capable  of 
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nor king  with  the  low  lenses  in  the  alternating  nagnetic  fields,  eade 
it  possible  again  to  return,  to  the  idea  of  nse  cf  the  injectcr  of 
accelerator  with  the  lew  pulse  repetition  frequency. 

The  use  of  the  superconducting  coil  electreaagnet  for  the  large 
ring  aakes  it  possible  tc  obtain  together  with  the  larger  value  of 
■agnetic  intensity  (this  leads  tc  the  decrease  of  the  perineter  of 
accelerator  in  coaparixon  with  the  accelerator  with  the  usual  aagnet 
to  the  saae  energy)  and  very  large  duration  of  the  "plateau1*  of 
aagnetic  field  with  the  waxisus  energy. 

The  latter  fact  sakes  it  possible  to  heve  the  low  duty  cycle, 
which  is  very  iaportant  tor  a  large  nusber  of  physical  experisents, 
even  upon  consideration  cf  the  fact  that  froa  the  point  of  view  of 
the  decrease  of  losses  cn  alternating  current  in  the  superconducting 
coil  electronagnet  and  for  decreasing  the  power  of  the 

accelerating  systea  the  tiae  of  acceleration  aust  be  largest  possible 
(for  the  accelerator  on  2000  Ge?  this  tiae  can  be  order  IS  s) .  Thus, 
the  described  coaplex  with  its  superconductive  electroaagnets  and 
slow-acting  ring  injector  accelerator  will  have  at  an  extreaely  low 
repetition  rate  (one  pulse  pec  one-two  ainutes)  a  low  duty  factor  and 
a  relatively  high  accelerated  particle  intensity,  sepcifically,  if 
the  length  of  the  "plateau"  is  equal  to  the  tiae  of  accuaulatioa  of 
particles  and  equal  to  the  sea  cf  the  tiae  of  rise  and  decay  of  the 
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aagnetic  field,  than  tfca  duty  factor  will  ba  equal  to  on  third  and 
tha  intensity  of  particles  accelerated  to  tctal  energy,  a Tar aged  over 
the  acceleration  cycle,  vill  also  he  equal  to  one  third  the  intensity 
of  the  ring  accelerator  used  as  the  injector. 

Sow  let  us  look  at  the  exaaple  of  the  characteristic  case,  where 
for  injection  into  a  large  2QQ0  Gel  accelerator  a  ring  accelrator 
with  an  acceleration  cycle  of  5  s  and  a  peri water  6  tines  saaller 
than  than  of  the  aain  accelerator  is  used.  To  fill  a  large  ring  6 
accleration  cycles  are  needed,  i.e.  30  s.  If  we  assuae  that  the 
length  of  the  "plateau"  also  equals  30  s  and  that  the  tine  of  rise 
and  decay  of  the  field  ccnstitate  IS  s  each,  then  the  total  length  of 
the  cycle  equals  90  s.  thus,  a  very  long  acceleration  cycle  is 
characteristic  of  such  an  accelerator  conpler. 

During  the  tine  of  particle  accunulation  in  a  large  accelerator 
an  accelerating  field  with  a  frequency  which  nay  exceed  by  seweral 
tines  exceed  seweral  tines  (taking  into  account  the  phase  width  of 
clusters)  the  frequency  cf  accelerating  field  during  the  ejection  in 
the  circular  in ject or- accelerator,  and  the  snail  anplitude, 
sufficient  for  guaranteeing  the  stability  region  in  phase  space, 
which  owerlaps  spread  along  the  lnpnlses/nonent a/pulses  of  the 
injected  into  aain  accelerator  particles.  At  the  aoaent  of  injecting 
the  phase  of  accelerating  fields  ie  nain  accelerator  and 
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injector-accelerator  asst  be  selected  so  that  the  next  particle 
aoaentae  would  fall  to  the  unfilled  another  part  of  the  orbit  of  aain 
accelerator.  Since  for  guaranteeing  small  radial-  phase  oscillations 
in  nain  accelerator  is  necessary  very  high  harnonic  order  of 
accelerating  field,  then  before  beginning  acceleration,  after  the 
capture  of  all  injected  particles  in  the  large  accelerator,  it  is 
necessary  to  carry  oat  e  receptors  of  particles  at  the  sobstantially 
larger  frequency  of  accelerating  field,  this  recapture  can  be  nede 
with  the  high  ef feet ire ness  during  the  use/ap plication  of  the 
accelerating  systea,  which  ensures  the  possibility  of  a  steady 
increase  of  the  aaplitude  in  the  process  of  recapture. 

The  cost/value  of  accelerator  with  the  superconducting  coil 
elect roaagnet  due  to  the  high  cost/value  of  the  superconducting  cable 
rapidly  increases  with  an  increase  in  the  aperture  of  vacuua  chasber. 
Therefore  the  decrease  of  the  aperture  of  vacuua  chanber  of  such 
accelerators  is  very  iaportaat  task,  even  acre  iaportant  than  for  the 
accelerators  with  the  usual  aagnut.  For  the  realisation  of  the 
saall-aperature  superconducting  accelerator  is  necessary  the  use  of 
methods  of  autonatic  control  by  the  paraaeters,  which  are  deteralaing 
transverse  aotin  of  accelerated  in  this  "cybernetic"  particle 
accelerator  [14-16]. 


In  this  case  of  bean  displacement  due  to  the  errors  in  the 
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■agnatic  field  they  can  be  compensated  by  correcting  lenses  and  the 
transverse  sizes/diaenelcns  cf  electromagnet  prove  to  be  snail. 

At  present  for  tbe  creation  of  the  fluct eating  aagnets  is 
utilized  anlticore  cable*  aade  fxos  alloy  RBT1.  The  multiple 
super conducting  cable  has  a  diaseter  of  *0.5  in  and  operating  current 
in  the  range  of  hundreds  of  asperes  and  therefore  is  inconvenient  for 
the  direct  winding  on  frca  it  of  aagnet  winding.  Preliminarily  fros 
this  cable  is  aanufactered  the  "woven  strip/fila",  which  consists  of 
tens  of  aultiple  thin  wires  (cables).  The  iapcrtant  special 
feature/peculiarity  of  strip/fila  is  the  "transposition1*  of  separate 
thin  wires  (cables)*  which  nates  it  possible  for  current  conductor 
stable  to  work  in  the  external  and  proper  aagnetic  fields. 

If  we  accept  the  critical  density  of  current  fox  the  alloy  fros 
IBTi  with  the  aagnetic  intensity  is  65  kce  of  the  equal  to  1.6«10«  to 
l/cn»*  then  with  the  coefficient  of  0.2  fillings  of  winding  with 
superconductor  for  the  aperture  of  vacuua  accelerator  chaaber  6x6  ca* 
is  required  the  superccnductlng  winding  with  internal  and  outside 
diaseters  of  by  the  respectively  equal  tc  7.5  and  13.8  ca.  These 
estimations  we  used  for  evaluating  the  parameters  of  accelerator  to 
the  energy  2000  Gef*  of  the  worker  in  the  described  above 
vode/condltions  (see  the  Table) . 
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During  calculations  of  losses  in  the  supercond actor  the  disaster 
of  thorn  superconducting  cocoa  «aa  accaptad  equal  to  3  mb  -  value 
which  can  ba  soon  achieved/reached  in  tha  future. 

Proa  tha  analysis  of  glvea  in  tha  tabla  data  it  follows  that  tha 
paraaatars  of  this  accelerative  cc spier  are  very  satisfactory*  and 
the  scales  of  construction  ccapletaly  attained,  ao waver,  of  course, 
before  actual  construction  the  superconducting  accelerator  with 
pulsed  sagnetic  field  it  is  necessary  to  solve  a  whole  series  of  the 
engineering  and  technological  prcbless,  connected  with  the  creation 
of  precision  electro nagsets. 

Xn  conclusion  we  ccssider  it  as  our  long  to  express  appreciation 
to  R.  A.  aeshchercv  and  I.  K.  Kaainskiy,  which  participated  in  the 
discussion  of  the  seriee/row  of  the  touched  upon  in  the  report 
questions. 
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Table. 


vn» 

till 

(b)napaMerp  j 

/06o3Ha- 

^MeHHe 

3uaseHMe 

TiapaMeTpa 

1. 

KHHeTHHecKdn  SHeprHa  npH 

3/KeKUHH,  r  3B 

Te 

2000 

2. 

HanpnMeiiHocTb  MarHHTHoro 

no/m  aweKUMH,  a 

65.10J 

3. 

CpeflHMft  paanyc  op6im>i,  m. 

1.5.103 

4. 

4ncno  6eraTpoHUbix  Kone6a- 

iih  a  na  ooopor,  C«K. 

a 

32,25 

5. 

Hhcvjo  nepHoaoB  MarHKTHOA 

crpyKTypbi 

N> 

120 

6. 

flnMTenbHOCTb  hhjkqkuhh  ,  can. 

n 

30 

7. 

BpeMs  ycxopeHHfl  .can. 

15 

8. 

UnHTenbHocrb  nnaro  ,ceK. 

30 

9. 

U/IHTejlbHOCTb  UHKJla,  CBK. 

*c 

90 

10. 

BHyTpeHHuA  OMaMerp  KaMepbi,  cm  <p 

8 

ll.Bec  csepxnpOBoaHHKa,  T 

W 

65 

12. 

KoaHHecrao  atwaKoro  ranna  b 

Q 

KpHOcrare,  n 

V 

55.10 

13.  06uiee  TeonoBbiaenenHe  b  xuui-  _ 

khA  reiiHfl,  bt  P  8.10'* 

14.  T ennoBhi  aeneHHe  a  whokhA  re/iHfl 

ha  1  nor.Merp  Manurra  (bt/m)  b  t.i.:  i(i 

norepH  b  cBepxnpoBooHHKe;  o.35 

H3— aa  norepb  sbctnb  bmcokhx 
MepnA;  0,2 

noTepH  8  KOHCTpyKOMH  KXM  TO¬ 
KOS  <t>yKo;  0,15 

noT«pii  no  TonnoMaomuiiH  xpnoc- 
tbtb;  0,3 

TBIUlonpMTOK  no  BBOOBM  0,1 

Key:  (a),  pp.  (b).  Paraaetec.  <c).  Designation,  (d)  .  Taloo  of 
paraaeter.  (1).  Kinetic  energy  with  ejection,  G«T.  (2).  Magnetic 
intensity  of  ejection,  e.  (3).  Bean  radios  of  orbit,  a.  (B) .  lonber 
ef  betatron  oscillaticns  to  revolution,  s.  (5).  Sub ter  of  periods  of 
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■agnatic  struct  are.  (6).  Duraticn  of  injection,  a.  (7).  Tina  of 
acceleration,  s.  (8) .  taxation  of  plateau,  a.  (9) .  Duration  of  cycle, 

s.  (10).  Bore  of  chaafccr/caaera,  aee  (11).  Beight  of  superconductor, 

t.  (12).  Quantity  of  liguid  beliua  in  cryoatat,  1.  (13). 
General/coaaon/total  heat  relaaae  into  liguid  beliua,  V.  (It).  Beat 
celeaae  into  liquid  beliua  tc  1  linear  meter  of  aagnet  (B/a)  in  Tol. 
b. :  loss  in  superconductors  due  to  loasea  of  high  energy  particles; 
loas  in  construction/design  due  to  Foucault  currents;  loss  oa  theraal 
insulation  of  cryostat;  beat-input  on  introductions/inputs. 
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Discussion. 

A.  A.  Vorobyev.  How  is  tha  quantity  of  particles,  pro jected/designad 
in  these  installations? 

A.  A.  Vasil'yev.  For  these  parameters  abcut  which  I  spoke,  these  ara 
-  1/3  the  particles,  which  can  te  accelerated  by  circular 
injector-accelerator.  Fci  the  existing  new  coaplexes  this  composes 
approxina tely/exemplariiy  10* 3  particles/s. 

vdovchenko.  How  were  ycu  guided  when  selecting  of  intensity? 

A.  A.  Vasil’yev.  He  were  based  cn  those  critical  currents  which  are 
now  achieved/reached  virtually,  with  certain  extrapolation  to  the 
future. 


N.  S.  Dikanskiy.  Froa  tact  considerations  was  selected  the  energy? 
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Indeed  already  it  is  krcwn  that  in  Batavia  500  GeV  will  be 

achie ved/reacbed  in  the  following  year.  This  energy  oust  be  exceeded 

at  least  by  an  order  (liveliness  in  the  hall). 

A.  A.  Vasil'yev.  On  this  score  tnere  are  different  points  of  view. 
Many  of  physicists  consider  chat  2000  GeV  are  of  large  interest. 

F.  A.  Bodop'yanov.  Accelerator  cn  2000  GaV  cculd  have  an  intensity  of 
the  order  of  10*  ♦  particles/s.  ihat  sense  tc  utilize  an  accelerator 
with  a  small  intensity?  Indeed  the  cost/value  of  booster  does 
comprise  net  more  than  5o/o? 

A.  A.  Vasil'yev.  The  development  of  accelerative  complexes  and 
designs  shows  that  an  achievement  cf  the  maximum  parameters  can  be 
accomplished/realized  ccnsecuti vely/serially  in  the  time  both  on  the 
energy  and  in  the  intensity.  In  the  opposite  case  the  very  large 
capital  investments  preve  tc  he  frozen  during  the  long  time. 
Therefore,  apparently,  as  expedient  in  the  future  large  accelerators 
to  the  superhigh  energies  to  also  develop  consecutively /serially  in 
the  time,  after  providing  this  increase  in  the  intensity  in  the 
subsequent  stages. 

3.  Contemporary  state  and  prcspects  for  Stanford  linear  accelerator. 
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E.  Nil  (Stanford  center  of  the  linear  accelerators,  USX)  . 

I.  Statistics  of  work. 

Op  to  the  noaent/tcigu6  or  present  conference  the  two-aile 
accelerator  of  the  Stanford  center  of  linear  accelerators  studied 
about  four  years.  Pig.  1  gives  the  survey/ccverage  of  registration 
journal  for  16  quarters  c f  ucrx  cf  the  accelerator.  It  is  possible  to 
note  that  within  this  period  toe  share  of  the  operating  time, 
dedicated  to  investigat icns  in  physics  of  accelerators,  continued  to 
fall,  whereas  the  time  cf  investigations  in  physics  of  particles 
increased.  The  fraction/ portion  cf  the  tiae  cf  planned  and  unplanned 
idle  tines  on  the  whole  was  lowered:  however,  it  at  present  achieved 
the  level  when  further  reduction  is  possible  only  in  the  condition 
for  a  considerable  increase  in  tne  planned/glide  nunfcsr  of  work 
shifts  in  the  year.  The  sore  detailed  analysis  cf  wcrk  of  the 
accelerator  in  last  twc  financial  years  is  given  in  Table  1. 

II.  Iaprovenents  of  accelerator. 

Today  two-aile  accelerator  achieved  the  aaxiaua  energy  (without 
the  load)  of  22.1  GeV  and  aaxiaua  average/nean  powers  of  bean  750  kfl 
for  the  duration  of  bean  burst  1.6  ps  and  frequency  of  repetition  360 
pulses/s.  Latter/last  iaprovenents  concern  an  isproveaent  in  the 
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operating  mode  with  several  beans,  an  increase  in  the  operational 
flexibility,  increase  in  she  team  current,  improvement  of  its 
stability  and  energy  spectrum.  Eelcw  some  latter/last  improvements 
are  described  in  more  detail. 

Page  16. 

A.  Increase  in  the  limiting  current  of  beam. 

Loyv,  etc.  [1]  approximately  one  year  age  reported  about  the 
achievements  on  the  way  cf  increasing  the  limiting  current  of  the 
team  of  Stanford  two-mile  accelerator.  3y  that  time  (August  of  1969) 
with  the  aid  of  the  difrereat  methods  it  was  possible  to  raise 
limiting  current  to  65  ml.  These  methods,  described  completely  in  the 
literature  [1],  in  essence  consist:  1)  of  reconstruction  and 
amplification  of  the  system  cf  focusing  along  the  accelerator;  2) 
from  the  detuning  of  three  cavities  of  each  of  10-  one-foot  sections 
cf  accelerator  for  the  purpose  cf  systematic  frequency  shift  cf 
transverse  resonance  (KEflu  mode)  cn  0.2  and  4  jihz.  This  detuning 
barely  affects  longitudinal  acceleration  in  the  sections. 
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Fig.  1.  Compound  diagrai  or  uorx  of  the  accelerator. 


Key:  (1).  Not  planned  by  simple.  (2).  Planned  by  simple.  (3).  Physics 
cf  accelerator.  (4).  Percentage  of  operating  time.  (5).  Physics  of 
elementary  particles,  (b).  k V . 
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*fable  1.  Statistics  of  vcrx  or  the  accelerator  for  1969-1970 


financial  years  and  first  quarter  of  1971. 
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Key:  (1).  kV.  (2).  altogether.  (3).  hours  of  work  with  bean.  (4). 


Physics  of  accelerators.  (5) .  Physacs  of  elaaentary  particles.  (6). 
In  all.  (7).  hours  of  other  works  cn  accelerator.  (3).  planned  idle 
tiae.  (9).  Unplanned  idle  trae.  (1C),  only  cf  hours  cf  work  cf 
personnel.  (11).  Hours  cl  experiaent.  (12).  Only  of  hours  of 
ex  periaent. 
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In  th 3  latter/last  block  or  I9b9  tne  program  of  detuning  was 
complatad  and  the  liaitlcg  current  of  bean  increased  to  the  present 
level  76  mA.  The  chrcnclcgy  or  the  entire  prograa  of  improveaents  is 
given  in  Pig.  2.  The  dependence  cr  liaiting  current  on  the  anergy  of 
team  for  three  stages  cr  adjustment  is  given  in  Fig.  3. 

Further  increase  in  the  limiting  current  of  beaa  is  expected  as 
a  result  of  the  intrcd cc ticn/in put  of  pulse  guadrupole  focusing  intc 
the  drift  sections  of  the  latter  20  of  30  sectors  of  accelerator. 

This  work,  conducted  fcr  guaranteeing  the  possibility  of  individual 
optimization  to  6  beams,  is  located  at  present  in  the  stage  cf 
realization  and  it  will  ke  completed  approximately  through  1  year.  By 
that  time  is  expected  an  increase  in  the  threshold  to  86  mA. 

E.  New  off-axial  injector. 

Along  with  the  existing  coaxial  injector  recently 
established/installed  the  of z-axiai  injector  (Fig.  4) .  New  gun  with 
the  separate  modulator  is  intended  for  the  redundancy  of  coaxial 
injector.  At  present  is  utilized  the  permanent  a-magnet,  which  turns 
the  beam  of  off-axial  gun  ay  approximately  225°.  Now  there  is 
manufactured  the  laminar  magnet,  which  will  be  able  to  operate  on  a 
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pulse  1  basis  with  the  frequency  tc  360  iap./s.  Aftar  completion, 
approximately  toward  the  and  ci  1970,  system  it  will  ensure  the  mere 
convenient  injection  of  tae  alternate  beams  with  different  levels  of 
current  and  pulse  durations,  without  the  mutual  effects  which  usually 
appear  during  the  use  cz  an  only  gun  and  lodulator. 

C.  Modulator  of  the  impulses/ momenta/ pulses  of  short  duration  for  the 
gun. 


In  the  past  year  were  estaClished/installed  the  modulator  of  the 
impulses/mcmenta/pulses  of  small  duration  for  the  gun  *,  essentially 
increasing  the  possibilities  or  accelerator. 

FOOTNOTE  *.  It  is  developed  and  constructed  ty  firm  "Egerton, 
Germeshausen  and  Greer"  (EGG) ,  Gcleta,  state  of  California. 
ENDPOOTMOTE. 

Modulator  is  capable  tc  give  on  the  electron  gun 

impulses/momenta/pulses  ty  duration  to  5  ns.  The  pulse  separation  is 
regulated  from  5  to  100  ns.  If  necessary  can  be  generated  single 
in pulses/ momenta /pulses. 
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?i<j.  2.  The  limiting  ccxxeat  cx  linear  accelerator  (for  17  GeV  and 
durations  of  pulse  1.6  ms)  . 


Key:  (1).  Completion  of  tne  fxcgxaa  of  tuning  out.  (2).  Tuning  out  of 
sectors.  (3).  Tuning  out  of  sector.  («)  .  Readjustment  of  injector. 

(5).  installation  of  4C  cae-foot  singlets  (1-6  sectors)  .  (6).  Bea« 
current,  «A.  (7).  installatica  cf  strong  doublets.  (8).  Optimization 

of  initial  system  of  functioning.  (9).  Data  cf  calculation  on 
computers.  (10).  Starting  of  10.  (11).  January.  (12).  June. 


DCC  *  30069202 


E  AG  B 


0 ) 

RnOapt  1970 


/  ^ 

/  Qnmnbpt  1968 


O) 

Had  1966 


0  V  8  12  16  20 

(s  ^3wozm,/~j6 


Fig.  3.  Dependence  of  liaxtxng  current  on  energy  for  three  acaents  cf 
tine. 


Key:  (1).  January.  (2).  Halting  current,  nA.  (3).  October.  (4).  Nay. 


(5).  Bnergy,  GeV, 


Cage  18. 


The  typical  pattern  of  vcrfc  of  the  accelerator  with  this  aodulator  is 
given  in  Fig.  5.  With  the  wor*  wit  n  this  aodulator  the  Halting 
current  of  beaa  in  the  Billxaaperes  is  egual  to  1.25,  aultiplied  by 
the  energy  of  beaa  in  GeV.  For  example,  with  the  energy  16  GeV 
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Uniting  current  in  the  narrow  pulse  is  approximately  20  mA. 

D.  Possibility  of  the  interruption  of  beam. 

The  installation  ci  the  described  above  lodulator  of  the 
impulses/momenta/pulses  cf  short  duration  for  the  gun  increased  the 
control  capability  of  beam  and  obtaining  the  intermittent  beams.  The 
system  of  the  interruptica  of  beam  consists  of  the  group  of  the 
resonance  deflector  plates,  situated  after  the  gun,  and  the  second 
group  of  the  nonresonact  deflector  plates,  situated  by  approximately 
the  distance  of  4  m  cn  the  course  of  beam.  Sesonance  platas  are 
excited  with  the  frequency  cf  19.667  8Hz  (72nd  subharmonic  of  the 
frequency  of  accelerator  2856  882) ,  whereas  ncnresonant  plates  are 
excited  with  the  frequency,  adjusted  in  the  range  from  5  to  20  8Hz. 
Details  are  presented  ix  work  [1].  The  characteristics  of  beam  are 
given  in  Table  2.  A  number  of  curdles  of  electrons,  passing  through 
the  first  group  of  deflector  plates  at  the  acment  of  transiting  the 
stress/voltage  through  aero  and  entering  into  the  accelerator,  is 
inversely  proportional  tc  peax  voltage  on  the  plates.  For  an  example 
Fig.  6  gives  peak  beam  current,  obtained  on  the  slot,  which  releases 
lo/o  of  iapulse/momentci/pulse,  in  the  dependence  on  the 
stress/voltage  on  the  interrupter  with  the  frequency  cf  40  8 Hz.  The 
separation  of  clusters  fee  this  case  was  12.5  ns  (i.e.  was 
accelerated  one  bundle  cf  electrons  of  every  36).  It  should  be  noted 
that  a  number  of  clusters  to  the  npu lse/aoaentum/pulse  varied  from  5 
to  1  with  an  increase  in  tne  stress/ volt  age. 
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Table  2.  Characteristics  or  tne  system  of  the  interruption  of  beam 
(17  Ge7)  . 
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Key:  (1).  Frequency  of  pulsation*  BHz.  (2).  Pulse  separation*  (3). 
rtaxiaua  average/aean  pulse  currsnr  through  lo/o  -  slots.  (4)  .  ns  (on9 
clustar/pulse) .  (5).  a*.  (6).  ns  (one  clustar/pulsa) .  (7).  ns 

(several  clusters/pulse).  (8).  with  continuously  variable  control. 
(9).  it  is  liaited  to  cun.  (10).  pulse  control  bias.  (11). 
i a  pul se/aoaen tun/pulse  cn  gun  ^  ct  50  ns.  (12).  Cue  cluster  (by 
duration  -10  of  ns).  (13).  elections. 
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9ith  the  low  voltages  peax  current  is  limited  to  the  phenomenon  of 
the  disruption/s9paraticn  or  current,  with  the  the  high-emission  gun. 

E.  Improvement  of  the  operating  node  with  several  beans. 

It  was  up  to  now  pcssmly  optimize  the  conditions  of  passage  and 
focusing  only  for  one  cf  beams  (here  possible  6  beams  with  different 
by  tne  parameters) ,  accelerated  cn  the  Stanford  accelerator. 

Therefore  only  for  one  cf  several  conducted  experiments  usually  was 
obtained  beam  with  the  ideal  cnaracteristics.  In  practice  the 
focusing  system  can  be  ccntrclled  in  such  a  way  that  the  best 
conditions  would  be  created  either  for  the  beans  with  the  high  energy 
cr  for  the  beams  with  the  low  energy.  If  the  "gradient"  of  the 
auadrupole  lens  (i.e.  the  speed,  with  which  the  current  of 
quadrupoles  increases  free  cne  clcck/mod ule/unit  to  the  next  along 
the  accelerator)  to  control  to  the  best  focusing  for  the  beams  with 
the  high  energy,  beams  witn  tne  energy  lower  than  the  specific  level 
fall  into  the  "forbidden  band",  and  do  net  pass  through  accelerator. 
On  the  other  hand,  if  the  "gradient"  of  guadrupole  lenses  is  made 
favorable  for  the  beams  with  the  low  energy,  maximum  beam  currents 
with  the  high  energy  substantially  descend.  This  fault  from  Fig.  7, 
in  which  is  given  the  dependence  of  the  peak  beam  current  through 
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cutting  out  iapulse/ncaentua/pulse  of  slct  cf  different  width  on  the 
energy  of  beaa.  Are  given  two  groups  of  the  curves:  one  -  for  the 
guadrupoles,  optimized  tc  the  energy  of  fraae  11  GeV,  and  another  - 
for  the  guadrupoles,  optimized  to  the  energy  cf  beaa  4.5  GeV. 

The  examined  above  difficulties,  caused  by  the  fact  that 
guadrupoles  operate  cn  tte  direct  current,  will  be  solved,  when  in 
the  sectors  with  11  on  20  are  established/installed  new  units  of 
pulse  controlling  coils  and  power  supplies,  and  the  pulsed  sources  cf 
the  supply  of  guadrupoles.  These  devices/egaipaent  which  can  operate 
cn  a  pulsed  basis  with  tfca  frequencies  tc  360  iap./s,  make  the  aost 
individual  possible  cptiaizatioa  of  each  accelerated  beaa.  Four 
sectors  are  already  equipped  cy  pulse  blccks/icdulas/units;  remaining 
blocks/aodules/units  will  oe  astanlished/installed  in  the  course  of 
the  naxt  16-18  aonths. 

Are  set  the  supplementary  dev ices/equipaent,  making  it  possible 
to  carry  out  the  optiai2ation  of  other  characteristics  of  separate 
beaas,  including  regulators  of  pulse  delay  for  5  sectors,  which  make 
it  possible  to  optiaize  correction  on  the  beaa  lead  from  one 
in pulse/aoaentua/pulsa  tc  tne  next,  and  the  saapled-data  systea  of 
phasing,  which  ensures  the  independent  phasing  for  the  separate 
beaas. 
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?.  Increase  in  the  a f f ectiveness  in  the  generation  cf  positrons. 

The  source  of  positrons  is  arranged/located  in  the  point,  which 
corresponds  of  1/3  lengths  of  accelerator  (sector  11).  This  source  is 
called  "disk"  target;  its  ccnstruction/design  allows/assuaes  rotation 
so  that  the  beam  would  fail  cn  different  regions  of  disk.  Are 
fossiole  two  operating  acdes.  The  first  sode/conditions  is  utilized, 
when  is  required  the  continuous  flew  of  pulses  cf  positrons.  In  this 
mode/conditions  the  disk,  made  trea  copper,  constantly  rotates  to 
avoid  excessive  increase  of  tn«  teaperature  in  the  isallobaric  low  in 
the  electron  beam.  In  this  case  the  power  cf  incident  beam  is  limited 
by  the  value  of  140  kU .  Inus,  under  the  typical  operating  conditions 
when  energy  of  the  incident  team  of  electrons  and  beam  current  are 
with  respect  6  £ev  and  60  ha,  pulse  repetition  rates  it  must  not 
exceed  240  imp./s. 

The  second  mode/ccnditions  is  utilized,  when  it  is  necessary  to 
accel erate  alternate  beaas  cf  positrons  and  electrons.  In  this  case 
disk  target  remains  motionless,  as  it  is  proved  in  Fig.  8.  the 
students  committee  of  electrons  they  control  in  such  a  way  that  it 
impinge  on  target  for  these  iapulses/nomenta/pulses  when  it  is 
required  the  beam  of  positrons,  and  was  passed  by  target  for  those 
impulses/mcmenta/pulses  when  is  required  electron  beam.  In  this 
steady  state  the  power  cf  tee  falling/incident  to  the  target  electron 
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tean  is  United  to  level  JO  x«. 

For  the  band  lo/o  iapulses/ac aenta/pulses  vas  obtained  the 
output  of  positrons  2o/o.  Fig.  9  saves  the  graph/diagraa  of  the 
dependence  of  the  naxiaua  pea*  current  of  positrons  on  the  pulse 
repetition  rate  for  both  operating  nodes. 
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Pig.  6.  Dependence  of  paax  caaa  currant  cn  the  strass/voltage  on  the 
interrupt arl'  Key:  (1).  Sumners  cl  clustars  tc  the 
in  pulse/ moment  urn /pulse.  (2).  Current,  mA.  (3).  It  is  United  by 
Uniting  currant,  (4).  it  is  United  by  current  of  gun.  (5). 
Stress/Toltage,  V. 
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Fig.  7.  Dependence  ◦£  pea*  teas  current  on  energy  of  three  slots  of 
different  width. 

Key:  (1).  Width  of  slot,  (i)  .  "gradient*  is  optimized  for  11  GeV. 

(4).  '•gradient*  is  optiaized  for  4.5  GeV .  (5).  Energy,  GeV. 

Fage  20. 

Were  recently  carried  cut  the  tests,  which  shewed  the  possibility  of 
the  duplication  cf  the  cotput  ct  positrons  due  to  optimization  of 
material  and  thickness  cf  target.  As  the  new  saterial  of  target  is 
selected  the  tungsten,  ihe  expected  results  are  shown  in  Fig.  9. 

G.  Unification  of  the  halls  of  ccntrol. 

Stanford  accelerator  was  initially  developed  with  two  halls  of 
the  control:  one  -  for  accelerator  itself  (central  hall)  and  one  - 
for  the  bean-separation  system  (building  of  data  collection) . 
Entira/all  work  up  to  new  was  acco aplished/r -alized  during  this  dual 
arrangeaent/position  of  controls,  and  results  as  a  whole  were 
satisfactory.  However,  for  a  waile  it  turned  cut  that  the 
effectiveness  of  foraaticn  and  beam  steering,  acdulated  on  tha 
energy,  is  raised,  if  all  or gans/ccatrols,  control  and  the  monitoring 
and  measuring  instruments  are  brought  together  to  one  place.  It  is 
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very  probable  that  will  be  also  acnie ved/reache d  the  savings  due  to 
the  decrease  of  the  necessary  personnel.  After  prolonged  discussion 
in  tha  beginning  of  1 9 "7 C  was  taken  the  solution  about  the  information 
of  controls  into  one  place  which  will  be  they  are  called  the  "main 
hall  of  control”.  Location  selected  the  building  of  data  collection. 
The  central  hall  of  ccrtrcl  will  remain  as  the  auxiliary  (in  it  it 
will  not  usually  be  personnel,  besides  the  personnel  of 
aainte nance/servicing,  but  if  necessary  for  them  it  will  be  possible 
to  use)  . 

Each  of  tha  availanla  nails  of  control  is  equipped  with  a 
computer,  utilized  for  checning  the  blockings,  recording  of  data, 
adjustment  of  aquipment  (magnate  of  quadrupcle  lanses)  in  conformity 
with  the  specific  requirements  for  the  beam,  the  inclusion  of 
stand-by  klystrons  in  the  case  cf  creakdcwn  cf  these  acting,  etc.  In 
the  central  hall  is  estatiished/installed  computer  PDP  -  9,  while  in 
the  building  of  data  collection  -  computers  StS-925.  After 
unification  of  signal  the  ccntrcl  of  beam  will  be  transferred  between 
two  locations  by  usual  paired  leads/ducts.  The  large  part  of  the 
regaining  signals  will  be  transrerred  through  the  line  of 
communications  between  the  computers. 

For  the  savings  cf  place  and  increase  in  the  operational 
flexibility  in  the  main  ball  cf  control  there  will  be  used  original 
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governor  [2],  named  "pcshouttcn  panel".  As  shewn  in  Fig.  10,  the  unit 
of  this  device/equipment  consists  cf  the  television  screen,  on  which 
in  the  fora  of  rectangular  matrix  are  ar ranged/lcca ted  the  names 
controllable/ccntrolled/iaspected  parameters  cr  devices/equipnent. 

The  system  of  piezoelectric  gauges  and  receivers,  arranged/lccated  on 
the  perimeter  of  serser,  determines  two  crthcgcnal  sets  of  narrow 
acoastic  beams  on  the  surface  cf  screen.  The  radiated  frequency  is 
about  3.2  HHz.  The  point  of  intersection  of  two-any  beams  designates 
the  location  of  the  "kreb/butten "  *ith  pressure  of  which  is 
interrupt ed/broken  acoustic  tea*  and  thereby  by  means  of  computers 
SDS-925  is  accomplished  control.  Using  the  means  of  the  programming 
cf  computers,  operators  can  instantaneously  reprogram  both  indication 
and  functions  of  "knebs/buttens".  Thus,  cne  and  tighter  "pushbutton 
panel"  can  be  utilized  for  executing  the  most  diverse  control 
functions . 

'dork  on  the  asscciation  of  tna  halls  of  control  is  conducted 
even  now;  its  completion  is  planned  on  1971. 


DOC  -  3006920 2 


EAGa  ' 


Fig.  3.  Diagram  of  the  tort  c£  positron  source  in  obtaining  cf  the 
alternate  electronic  ata  positron  beans. 


Key:  (1).  Source.  (2).  North.  (3).  Aperture.  (4).  3ean.  (5). 
Horizontally  deflecting  system  in  sector. 


Fig.  9.  Dependence  of  laxinua  pear  current  cf  positrons  on  pulse 
repetition  rate  for  two  lodes  ct  operation  (for  band  of  energy  lo/o) . 
1  -  in  the  aode/conditicns  of  the  alternate  beans;  2  -  for  the  rotary 
disk;  3  -  expected  results  for  tne  tungsten  target. 


DOC 


30069202 


F  ACS, 


1 


Key:  ( I) 


Peak  current,  aA 

/> 

JjiexmooHUKii 


i*i .  Pulse  repetition  frequency,  s  *. 


X  Jamvutod 


Q 

J/WH/npOHUKa 
Y  JamvuKoS 


Y-da/muxu  - 

ij 

X  ngtjUMHUKU.  - 

jjicXinpoHUKa 
X  npuemHuKoB 

4amvun  . 


] 


fl'HBaondX 


GO 

OOO' 

OOOOI 

OOOOOOOI 


(J-) 

X  Jc:"’iuku 


U" 


\  OQQOQnnnn  ) 


Cmciuio<3  ? 


i  <.  3  ■ 

f  V’  nput/MHUKU 

j  Jj<ei<mpo'nuKa 

1  Y  npuemMUKod 

Jlwcuniudon  xpeiLuna'^ ■’ 
c  umdepcmuHMu 

„  6; 

npUCMMUK 


Fig.  10.  "pushbutton  panel". 


Key:  (1).  Electronics  cl  i-senscrs.  (2).  sensors.  (3).  receivers, 
(h) .  Electronics  of  Y-receivers.  (5)  .  Lucite  cover/cap  with 
cpenings/apertures.  (6).  Sensor.  (7).  Receiver.  (9).  Glass. 


Page  21. 

III.  Experience  of  operating  aljstrons. 

After  approxisately  <*  years  of  operation  is  comprised 
sufficiently  good  representation  acout  the  characteristics  and  the 
service  life  of  powerful  xlystrcns.  However,  thus  far  still  it  is  not 
possible  to  accurately  indicate  average  life,  since  the  steady-state 
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aode/conditions  in  the  accelerator  is  not  yet  achieved/reached,  i.e., 
in  proportion  to  operation  the  service  life  of  laaps  continues  to 
grow/rise. 

Lamps  of  the  initial  assembly  of  accelerator  had  a  peak  noainal 
power  of  21  MW  and  average  of  *2  kb.  Laaps  worked  with  the 
st resses/ voltages  of  beam  -245  kV,  duration  of  the  pulse  of  -2.5 
pSecchis  to  pulse  repetition  rate  560  iap./s.  Is  gradually 
accoa plished/realized  the  plan/laycut  of  an  increase  in  the  energy  of 
accelerator  by  a  aethod  cf  replacing  the  failed  laaps  21  MW  by  the 
laaps  with  a  power  of  30  MW  (sec  section  0.  A). 

Since  the  beginning  cf  tne  work  in  1966  through  30  September, 
1970,  the  total  duration  cf  the  work  cf  klystrons  was  4787100  hours. 
Within  this  period  accrued  30*  failures.  Thus  the  accuaulated  aean 
tiae  between  the  failures  for  tne  duration  of  the  period  indicated 
was  4787100/302—15800  fccurs.  As  can  be  seen  frea  Fig.  11,  the 
accuaulated  aean  tiae  between  the  failures  was  retained  approxiaately 
stabla  at  the  level  cf  15000  aours  in  last  three  yaars.  On  the 
contrary,  the  accuaulated  average  life  tc  the  failure  increased 
within  the  saae  period  iroa  1060  to  5810  hours  and  at  present  it 
continues  to  grow/rise. 

Fig.  12  gives  tiae  allocation  of  the  work  of  all  working  on  the 
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accelerator  laaps.  Froa  toe  graph/curve  it  is  possible  to  see  that 
acre  than  a0o/o  (109)  laaps  of  accelerator  served  aore  than  15000 
hours.  Almost  15o/o  of  laaps  studied  aore  that  20000  hours,  i.e.# 
from  the  aoaent/torque  cf  the  cecinning  cf  vcrk  cf  the  accelerator  in 
1966.  Froa  the  analysis  ox  the  data  about  the  distribution 
cut-of-order  laaps  according  tc  the  service  lives  it  is  evident  that 
the  peak  of  the  distribution  cf  failures  falls  tc  relatively  low 
service  life:  about  25c/o  cut-cr-crder  lamps  served  1000  hours  and 
less. 


Characteristics  and  service  life  of  klystrons  are  one  of  the 
most  gladdening  results  cf  the  ncrfc  of  Stanford  accelerator  at 
present.  Reached  in  this  region  results  considerably  exceeded 
preliainary  evaluation,  made  during  the  design  of  accelerator. 

IV.  State  of  ring. 

During  September  1S70,  vita  toe  delay  by  several  years,  vas 
approved  the  project  of  tne  tine  cf  Stanford  accelerator.  It  is  one 
ring  of  magnets  in  which  in  the  aluminum  vacuum  chambmr /camera  rotate 
in  opposite  directions  the  electron  beams  and  pcsitrcns.  The 
configuration  of  this  ncg,  named  spbar  (Stanford  pcsitron-electronic 
asymmetric  ring)  ,  the  same  as  configuration  of  one  of  two 
intersecting  rings  of  the  earlier  constr ucticn/demign  (see  Pig.  13). 
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Fig.  11.  Statistics  of  the  work  cf  klystrons.  1  -  accumulated  aean 
time  between  the  failures;  2  -  accumulated  operating  time  to  one 
socket/seat;  3  -  aean  time  of  the  service  of  active  valves;  4  - 
average  life  to  the  failure;  5  -  accumulating  average  life  on 
failure. 

Key:  (1).  Tima,  thousand  nours. 
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Fig.  12.  Distribution  c t  active  valves  according  to  operating  time  on 
1  October,  1970. 


Key:  (1).  Average/mean  value  -1  1430  hour.  (2).  Mean  value  *11600 
hour.  (3).  Age,  thousands  or  aours.  (4).  Nuafcer  of  laaps. 
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Fig.  13.  Diagran  of  Stanford  positron-electronic  asymaetric  ring 
(SPEA3) .  1  -  turning  up  nagnets;  2  -  quadrupcles;  3  -  sextupcles;  4  - 
high-frequency  resonators;  5  -  kickers;  6  -  septua-aagnets ;  7  - 
so dul i/nodules. 

Key:  (1).  It  is  eastern,  axp.  location.  (2).  Kail  of  control.  (3). 
feet.  (4).  Mounting  fi>ture  for  power-supply  systea.  (5).  Is  fiestern. 
exp.  location. 

Cage  22. 

The  axpected  luainous  density  (warn  the  energy  of  aach  baaa  2  GeV) 
during  the  collision  of  particles  in  the  interaction  region  with  the 
"low  beta  ones"  is  103*  ca'<  s^» . 

First  energy  of  rite  will  tc  United  by  the  value  of  2.5  GeV, 
however,  after  increasicg  an  input  power  and  a  nunber  of  resonators, 
it  is  possible  to  raise  energy  tc  4.5  GeV.  Ccnstruction/design 
allows/assuaes  also  the  subsequent  installation  of  the  second 
intersecting  ring. 

For  dealing  with  the  instability,  which  appeared  on  the  previous 
rings,  are  introduced  different  d« vices/equipsent.  They  encoapass  the 
systea  of  rapid  faedfcacx,  electrical  quadrupcle,  sextupole  and 
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cctupole  lenses. 

Each  of  the  interaction  regions  is  arranged/ located  directly 
above  the  volume  with  a  lengtn  cf  12  a  and  with  a  width  of  10  a, 
which  ensures  under  the  axis/axla  cf  bundle  vertical  clearance  3  a. 
Above  the  axis/axle  cf  team  also  is  provided  tbree-aeter  vertical 
clearance.  In  the  voluae  of  interaction  will  be  established/installed 
the  equipment,  provided  for  by  tie  experimental  program  SPEAR. 

The  cell  of  the  magnetic  structure  SPEAR  with  divided  functions 
consist  of  three  quadrupcles  ana  2  deflecting  magnets  with  the  zero 
gradient.  In  all  are  11  such  standard  cells  and  2  cells  of 
iatroducticn/input r  each  of  wnicn  contains  6  deflecting  aagnets  and  9 
quadrupoles.  Thus,  in  tte  nrg  cnly  of  34  deflecting  magnets  even  51 
Quadrupoles.  The  maxiaua  field  cf  the  deflecting  aagnets  is  6.3  leg 
(with  2.5  GeV) ,  and  aaiiaua  gradient  in  the  quadrupoles  is  equal  to 
590  G/ca.  All  aagnets  will  be  prepared  from  the  sheet  rolled  steel. 

In  the  coils  will  be  used  aluminum  lead/duct,  since  experiaent  of 
Stanford  accelerator  shewed  that  the  aluainua  coils  are  much  cheaper 
than  copper  ones. 

Particles  will  be  injected  into  the  ring  with  the  energy  1.5 


GeV.  Since  the  extent  cl  the  orbit  of  ring  ccapcses  220  a,  tiaes  of 
cne  revolution  equally  tc  0.9i  ys;  thus,  frequency  of  the  rotation  is 
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equal  to  1.36  SHz.  High-frequency  system  operates  at  a  frequency  of 
42.  35  ilHz  -  to  3 1st  harmcnic  of  the  frequency  of  rotation.  At  first 
200  lea  (of  maximum)  hign-frequency  power  will  be  supplied  into  one 
resonator;  this  will  etsure  peak  radio-frequency  voltage  300  kv. 

Two-bundle  instability,  apparently,  will  make  it  possible  to 
fill  only  from  1  to  3  stability  region,  which  are  moved  on  the  ring, 
they  are  divided  between  themselves  by  icterval  in  24  ns.  The 
injected  impulse/moment cm/pulse  must  occupy  -120  or  8  ns.  Since  the 
time  of  one  revolution  is  equal  to  0.73  *s,  for  the  time  of  each 
pulse  of  accelerator  by  tae  duration  of  1.6  ps  it  is  possible  to  fill 
only  2  groups  of  regions  or  stability,  divided  between  themselves  by 
the  interval  of  0.73  Fig.  14  depicts  typical  pattern  of 
injection,  when  there  are  twe  groups  of  3  stability  regions  in  each. 
After  each  inpulse/momentum/pulse  of  injection  it  is  necessary  to  50 
ns  for  damping  of  betatron  and  synchrotron  oscillations.  This  limits 
the  speed  of  the  filling  with  the  frequency  of  2C  imp./s.  The  time  of 
filling  for  the  electrccs  and  the  positrons  comprises  respectively 
about  2  and  6  min  to  tie  ampere  cf  the  circulating  beam. 

The  aluminum  vacuum  chaaber/camera  cf  the  ring  with  a  width  of 
15  and  height  of  4.4  cm  is  shows  in  Fig.  15.  Is  provided  for  water 
cooling  for  the  heat  removal,  vnich  separates  during  the  absorption 
cf  synchrotron  radiation.  In  the  chaaber/camera  will  be  mixed  the 
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special  titanium  ionic  pumps,  waich  with  the  work  will  utilize  a 
magnetic  field  of  the  uagnets  ox  ring.  During  the  preliminary  tests 
cf  these  pumps  on  nitrcccn  they  were  achieved/reached  pumping  speed 
cf  500  1/s  to  the  meter  c£  pump. 


\ 
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Fig.  14.  Diagram  of  inaction  into  the  ring. 

Key:  (1).  septum-magnet.  (2).  Sing.  (3).  Injector.  (4).  positron 
source.  (5).  Beam  e*-  vita  energy  1.5  GeV.  (6).  septum-magnet.  (7) 
Slot.  (3).  Accelerator.  (9).  Usual  impulse/mcmsntum/pulse  1.6  ps. 
(10).  siiort  pulses  a*  cx  .  (11).  ns. 
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Are  given  below  the  basic  parameters  of  the  ring: 


A 


number  of  rings 


(it  is  possible  to  increase  to  two). 


r 
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Sizes/diaensions  of  ris^  ...  00x74. 

-  r 

Colliding  particles  ...  e  and  e. 

Maximum  energy  of  the  particles  ...  of  2.5  GeV  (it  is  possible 
increase  tc  4.5). 

Number  of  volumes  of  interaction  ...  2. 

Luminous  density  ...  of  IQ32  cm'*  s_t. 

Beam  current  ...  0.5  A  (in  each  team). 

Number  of  particles  in  tte  beam  ...  2x1Q12. 

Number  of  clusters  in  tte  beam  ...  2. 

Distance  between  the  clusters  in  the  time  ...  24  ns. 

Frequency  of  hf  system  ...  42.  J5  MHz. 

Frequency  of  revolution  ...  <4  ns. 


r 
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Time  of  the  access  ...  u.73  >.s. 


Number  of  resonators  ...  1. 


HP  power  (maximum)  ...  200  kb. 


Feak  hf  voltage  ...  iOO  *V. 


Total  number  of  the  deflecting  magnets  ...  Ju. 


Total  nuaber  of  quadrupolevs  ...  51. 


Total  pumping  speed  ...  1.7x10*  1/s. 


Fressure  with  the  beam  ...  5x10'*  torus. 


Time  of  the  filling  ...  with  o  sin. 


Flanned  date  of  obtaining  the  nrst  bean  ...  1972. 


.lore  detailed  description  can  be  found  in  the  literature  [3]. 
The  beginning  of  the  ccrstructicc  cf  ring  is  pre jected/designed  in 
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the  latter/last  block  cf  1970*  and  completion  -  in  1972. 

7.  Plans  for  future. 

A.  More  powerful  klystrons. 

As  it  was  mentioned  in  section  III*  cut-cf-order  21  MW  - 
klystrons  were  replaced  by  acre  powerful/thicker  30  MW  -  lamps.  At 
the  present  time  such  acre  powerful  lamps  equipped  4  sectors  of  30. 

At  the  existing  failure  rate  for  the  f ull/tctal/complete  replacement 
cf  less  powerful  lamps  it  will  be  required  from  2  to  3  years.  This 
process  is  not  boosted/f creed*  since  from  the  considerations  cf 
savings  it  is  desirable  to  utilize  a  f ull/tctal/complete  service  life 
cf  the  existing  lamps  before  replacing  then.  Furthermore*  it  is 
expedient  to  obtain  a  geed  information  about  the  service  lives  for 
several  new  lamps  before  carrying  cut  a  full/tctal/complete 
rearrangement  to  the  werk  with  larger  power. 

An  increase  in  the  power  output  of  klystrons  was  the 
consaguence:  1)  the  optisizaticn  of  drift  distances  and 
construction/dasign  of  resonators;  2)  iaprovetent  in  the  conditions 
cf  focusing  along  the  length  of  lasp  even  3)  the  work  of  lamps  with 
somewhat  more  high  voltage  (265  kV).  This  increased  stress/voltage  is 
located  within  the  possibilities  cf  the  modulators  of  klystrons. 
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An  increase  in  energy  of  electrons  (in  aeY)  that  called  by  the 
field  of  one  klystron,  ccaposes  ap proxiaately/exeaplarily  20  fPj 
where  P  -  peak  power  output  of  klystron,  expressed  in  aw.  For  the 
available  by  21  MB  klystrons  (wita  5o/o  cf  losses  in  the  waveguide 
between  the  klystron  arc  the  accelerator)  an  increase  in  energy  is 
•90  MeY  to  the  klystron.  The  corresponding  increase  in  energy  for  30 
MB  of  klystrons  with  the  saae  assuaptions  will  be  107  MeV.  Bith  work 
240  (froa  total  number  245)  klystrons  on  30  MB  the  expected  energy  of 
particles  (with  the  low  current  will  achieve  -25  Gel). 

5.  Possibilities  of  an  iaproveaent  in  the  coefficient  of  the  use  of 
cycle  and  increase  in  the  energy  cf  bean. 

Investigation  of  the  possibility  of  the  alteration  of  two-ails 
accelerator  in  that  superconducting  (see  section  V  C)  unconditionally 
represent  the  aost  aabitious  and  far  going  projects  of  the  Stanford 
center  of  linear  accelerators  tc  the  future.  However,  taking  into 
account  that  the  realization  of  these  plans/layouts  will  engage  8-10 
years  (or  aore),  are  examined  other  ideas  of  iaproveaents,  less 
expensive  and  requiring  are  less  than  the  tiae  fcr  the  realization. 

In  essence  these  ideas  concern  either  an  iaproveaent  in  the 
coefficient  of  the  use  cf  a  cycle  or  an  increase  in  the  energy  of 
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accelerator,  or  increases  in  both  the  parameters  indicated.  The 
improvements,  discussed  an  this  section,  utilize  the  existing 
technique  of  accelerators  acd  dc  net  require  an;  fundaaental 
investigations.  An  iapreveaent  in  the  parameters,  of  course,  will  be 
in  this  case  smaller  than  ter  the  superconducting  accelerator. 

1.  Increase  in  coefficient  cf  use  of  cycle. 

for  an  improvement  in  the  coefficient  of  the  use  of  a  cycle  are 
examined  three  diverse  variants.  They  all  give  seme  decrease  cf 
energy  of  beam.  The  first  and  easiest  method  consists  in  cycling  on 
cne  half  the  modulators  1/1 20  seconds  after  feed  to  the  second  half. 
Injector  will  work  with  the  repetition  frequency  720  imp./s.  It  is 
obvious,  the  coefficient  of  the  use  of  a  cycle  in  this  case  will  be 
doubled  (i.e.  maximum  repetition  frequency  will  be  720  imp./s  instead 
cf  the  present  of  360  iip./s),  hut  energy  of  fceam  twice  it  decreases 
(maximum  energy  will  be  -10  GeV  instead  cf  -20  GeV  at  present).  For 
the  realization  of  this  operating  mode  are  necessary  relatively 
simple  changes  in  the  injector,  the  system  of  radio- frequency  drive, 
the  system  of  check  cf  the  beam  ana  in  the  system  of  the  pulse 
deflecting  magnets  at  the  end  cf  the  accelerator. 

The  second  method  cf  an  increase  in  the  duty  factor  consists  in 
a  change  in  the  interior  conjugations  in  the  aodulator  of  power 
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klystron,  so  as  tc  two  existing  pulse-shaping  circuits  would  be 
connected  in  series,  bet  not  in  parallel.  During  the  dewelopaent  of 
the  modulators  of  Stanford  accelerator  were  first  provided  for  the 
two  parallel  diagrams  cf  foreati.cn  for  each  ecdulator,  since  it  was 
not  thyratrons,  capable  eaintain  full  load.  Therefore  were  utilized 
two  thyratrons,  each  of  wnich  cc nutated  one  cf  the  parallel 
diagraas. 
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Fig.  15.  Section  of  the  aluainua  cnaaber/caaera  of  ring. 


Key:  (1).  Channel  for  water  cooling.  (2).  heater  and 
insulation/isolation. 


Page  24. 

Subsequently ,  when  appeared  the  thyratrons.  capable  individually  tc 
■aintain  full  load.  twc  parallel  diagraas  began  to  be  coaautated  by 
one,  aore  powerful  thyratron.  lies,  it  will  net  present  special 
difficulties  to  include/conaect  both  diagraas  to 
consecutively/serially  ard  cciautate  thea  with  the  aid  of  the 
available  thyratron.  As  a  result  wall  occur  the  duplication  of 
duration  of  high-frequency  pulse  froa  the  klystron  (i.e.  froa  2.5  tc 
5.0  ps).  Since  the  tiae  cf  filling  of  accelerator  is  0.8  ^s,  the 
duplication  of  the  duration  of  high-frequency  pulse  will  lead  to  an 
increase  in  the  coefficient  of  the  use  of  a  cycle  2.5  tiaes.  On  the 
ether  hand,  the  stress/vcltage,  supplied  to  the  klystron,  descends  to 
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*200  k?,  which  leads  tc  paax  exit  power  *12  Hi.  Energy  of  accelerator 
falls  into  once,  i.c.,  tc  *14  G®v.  The  series  connection  of  two 
diagraes  instead  of  the  parallel  doubles  the  iapedance  of  the  diagraa 
(i.e.  iapedance  grows/xi ses  fros  6  to  12  ohas).  This  will  lead  to  the 
disagreeaent/ois natch  between  the  iapedance  cf  diagraa  and  the 
impedance  of  klystron,  given  to  the  repeated  recirculation  of  beaa 
during  aany  (*120)  revcluticcs  cntil  froa  the  acdulator  of  klystron 
enters  following  starting  (360  isp./s)  iapulse/aoaentua/pulse  [4]. 

Using  the  first  acthod  each  acdulator  is  suppleaented  by  the 
second  thyratron,  identical  to  the  first,  as  shown  in  Rich.  17.  First 
thyratron  and  pulse*shaping  circuit  are  started  and  the  corresponding 
high* frequency  pulse  cf  klystron  causes  the  acceleration  of  beaa  in 
the  accelerator,  it  the  end  of  the  accelerator  the  beaa  is 
deflected/diverted  on  180*  (see  upper  half  cf  Fig.  18),  or  on  360° 
(lower  half  of  Fig.  18),  and  is  supplied  to  the  injector  end/lead  of 
the  accelerator  where  It  again  is  deflected/diverted  and  is  injected 
into  the  accelerator,  passing  the  second  the  cycle  cf  acceleration. 
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Fig.  16.  Diagram  of  the  fax all® 1  connection  of  the  pairs  of  klystrons 
and  sodnlators  for  the  duplication  of  duty  factor. 

Key:  (1).  Modulator.  (2;.  supply,  filter,  which  loads  transformer  and 
diodes  etc.  (3).  forming  line.  (<().  Thyratrcn.  (5).  Pulse 
transforaer.  (6) .  Klystxcn. 
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Fig.  17.  aodulator  circuit,  used  with  first  aethcd  of  increasing 
energy  of  bean. 


Kay:  (1).  To  the  charging  choice.  (2).  High-frequency  choke.  (3). 
Foraing  line  (12  ohas)  .  (4).  loading  diodes.  (5).  Pulse.  (6). 
Trigger.  (7).  Klystron.  (3).  Thjratron. 


a 


Fig.  18.  Two  versions  cf  recirculation  of  electron  beaa  a)  systea 
"racetrack";  b)  systea  "two  drops". 


Key;  (1).  Injector.  (2).  Secccd  injector 
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Since  the  tiae  of  flight  o£  the  path  of  recirculation  is  20  ps, 
sodulators  must  again  start  *20  ys  after  the  first 

iapulse/aoaentua/pulse.  This  is  accoaplished/realized  by  a  aethod  of 
the  starting/launching  cf  tne  second  thyratron  and  pulse-shaping 
circuit  at  the  appropriate  acaent  cf  tiae.  The  voltage  pulses, 
supplied  to  the  Iclystrcn,  have  as  aaplitude  2C0  kV,  which  provides 
effective  power  *12  Hi.  Thus,  an  increase  in  energy  with  the  low 
current  with  each  passage  through  the  accelerator  coaposes  *15.8  £ 
er.  The  energy  losses,  caused  by  synchrotron  radiation  during  two 
rotations  on  180°  (or  cn  360°)  at  the  end/lead  of  accelerator, 
coaprise  respectively  C.  13  and  0 .26  Gev  (with  the  turning  radius  50 
a)  .  Thus,  a  total  increase  in  energy  with  the  low  current  in  this 
recirculating  diagraa  will  he  31.5  or  31.3  GeV,  depending  on  type  it 
is  selected  the  deflecticn  systea.  Load  cn  the  fceaa  in  soae  aeasure 
will  lower  these  values;  for  two  passages  through  the  accelerator  a 
reduction  in  the  energy  will  ccapose  0.07  GeV/a&. 

Using  the  second  sethod  the  pairs  of  sodulators  and  klystrons 
are  connected  in  parallel  as  in  the  third  aethod  of  increasing  the 
coefficient  of  the  use  cf  a  cycle,  described  above  (Fig.  16).  During 


i 
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the  starting/launching  cf  tne  first  aodulator  each  of  two  parallel 
klystrons  puts  out  >12  £fc.  Ap prcnsately  in  2C  ps,  after  beaa 
finished  recirculation ,  is  started  the  second  aodulator,  and  two 
klystrons  put  out  the  second  group  of  high-frequency  pulses  with  a 
power  >12  of  aa.  Total  increase  or  energy  the  sane  as  for  the  first 
racirculating  diagraa. 

Third  recirculation  netted  assuaes  the 
retention/preser vation/iaintaining  electrons  in  the  recirculating 
ring  for  the  duration  cf  full  wave  (2.78  as)  between  the  noraal 
iapulses/aomenta /pulses  cf  aodulators  [4].  This  aeans  that  the  systen 
cf  the  transportation  cf  heaes  aust  being  able  held  down/retain  beaa 
and  preserve  its  characteristics  in  the  transverse  and  longitudinal 
phase  space  for  the  duration  cf  this  period  of  tiae.  Since  the  bean 
will  billeting  but  lose  energy  as  a  result  of  the  radiation/saission 
cn  rotation  in  ends  of  accelerator,  should  be  provided  soae  aethod  of 
restoring  this  energy.  This  restoration  is  intended  tc  carry  cut  by 
aeans  of  4>6  superconducting  accelerating  sections,  supplied  each  of 
20  k»  klystron,  these  sections  will  be  arranged/located  on  one  of  the 
rotations  and  will  work  in  tbe  acde/conditicns  cf  continuous 
oscillations.  Since  the  klystrons  during  each  iapulse/aoaentua/pulse 
will  put  out  the  total  pewer  (>2*  ei) ,  a  total  increase  in  energy 
with  the  low  current  in  tms  recirculation  diagraa  will  coapcse  31.5 
cr  31.3  Get,  and  dependences  cn  the  type  of  the  selected  deflection 
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systea.  Bean  load  to  a  certain  degree  will  lever  these  values;  for 
tvo  passages  through  the  accelerator  a  reduction  in  the  energy  will 
coapose  0.07  Ge7/aA. 

Using  the  second  aetnod  the  fairs  of  aodulators  and  klystrons 
are  connected  in  parallel  as  in  tie  third  aetfacd  of  increasing  the 
coefficient  Of  the  use  cf  a  cycle,  described  above  (Pig.  16).  During 
the  starting/launching  cf  tae  first  aodulator  each  of  tvo  parallel 
klystrons  puts  out  -12  flfi.  Appr cxisately  through  20  ps.  after  bean 
finished  recirculation,  is  started  second  acdulator.  and  two 
klystrons  put  out  the  second  greup  of  high-frequency  pulses  with  a 
power  -12  of  flu.  Total  increase  of  energy  is  the  saae  as  for  the 
first  recirculation  diagraa. 

Third  recirculaticc  aetfaod  assuaes  the 
retention/preservation/ aaintaining  electrons  in  the  recirculating 
ring  for  the  duration  cf  full  wave  (2.78  as)  between  the  noraal  of 
pulses  of  aodulators  [4].  Tais  Beans  that  the  systaa  of  the 
transportation  of  bean  mst  being  able  tc  hold  devn/retain  beaa  and 
preserve  its  characteristics  in  transverse  and  longitudinal  phase 
space  for  the  duration  cf  this  period  of  tine.  Since  the  beaa  will 
billeting  but  lose  energy  as  a  result  of  the  radiation/eaission  on 
rotation  in  the  ends/lcacs  cf  rfce  accelerator,  should  be  provided 
soae  aethod  of  restoring  tnis  tnis  energy.  This  restoration  is 
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assumed  to  accomplish  ty  means  of  4-6  superconducting  accelerating 
sections,  supplied  each  cx  20  K h  Klystron.  These  sections  will  be 
arranged/ located  on  one  cf  the  rotations  and  will  work  in  the 
mode/conditions  of  continuous  oscillations.  Since  the  klystrons 
during  each  inpulse/nosentua/pulse  will  put  out  tha  total  power  (-24 
MW) ,  a  total  increase  in  energy  wich  low  current  after  two  passages 
through  the  accelerator  will  ne  c4Q  Ge v. 

In  Table  3  are  integrated  different  discussed  above  projects, 
which  concern  an  increase  in  the  duty  factor  and  energy  of  beae.  None 
cf  the  diagrams  moved  further  theoretical  stage.  Thus  far  still  there 
are  no  detailed  estimations  of  expenditures.  Is  necessary 
supplementary  investigation  in  order  to  detemine,  do  deserve  any  cf 
these  methods  of  formal  review. 

C.  Reconstruction  of  accelerator  into  that  superconducting. 

For  the  latter  of  cra-and-a-half  year  was  lade  investigation  [5, 
6]  of  the  possibility  cf  the  alteration  cf  twc-mila  accelerator  into 
that  superconducting.  The  oasic  goal  of  this  program  is  the 
achievement  of  energy  cf  the  beds  100  GeV  and  coefficient  of  the  use 
cf  cycle  6o/o.  Kith  the  smaller  energies  a  reduction  in  the 
high-frequency  losses  in  tha  accelerator  would  make  it  possible  to 
achieve  higher  coefficients  of  tne  use  of  a  cycle  without  an  increase 
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in  the  power  of  cooling  system.  For  example,  with  the  energy  26  GeV 
.h s  coefficient  of  use  can  acmevs  100o/c«  Are  given  below  the 
paraaeters  of  the  two-»ile  superccrducting  accelerator  with  the 
energy  100  GeV. 


able  3.  The  summary  table  of  different  diagrams  of  an  increase  in 
he  coefficient  of  tke  use  of  cycle  and  energy  of  beam. 
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21 

1,6 

720 

2 

10-11 

12 

4.8 

360 

2.5 

14-15 

12 

1.6 

720 

2 

Cl 

12 

1.6 

300 

1 

2= -30 

12 

1  6 

360 

I 

28-30 

24 

1.6 

360 

1 

40-12 

Key:  (1).  Designation/purpose.  (2).  Method.  (3).  Peak  power  of 
klystron,  fiw.  (4).  Duration  of  pulse  ms.  (5).  Pulse  repetition  rate 
of  beaa,  lap./s.  (6) .  Degree  of  increase  in  coefficient  of  use  of 
cycle.  (7) .  Maxinua  energy  of  beaa  with  current  30  aA.  (8) .  Increase 
in  coefficient  of  use  cf  cycle.  (9).  Alternate  inclusion/connection 
cf  two  groups  of  aod ulatcr-klystions  with  frequency  of  360  iap./s. 

(10) .  Series  connection  cf  diagraas  of  acdulator  instead  of  parallel. 

(11) .  Two  adjacent  aodulators  supply  alternately  two  adjacent 
klystrons,  connected  in  parallel.  (12).  Increase  in  energy  of  beaa. 
(13).  Addition  to  aodulator  of  second  thyratren,  included  20  ps 
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afterward  first.  Bean  ccxpletss  cae  recirculation.  (14) 
parallel-connected  acdulatoi-ii ystrons  as  into  3).  Eeaa 
recirculation.  (IS).  Beat  recirculates  about  120  tines 
is  accelerated  twice  at  total  pcwar  of  klystron. 

Page  26. 

forking  frequency  ...  cf  2656  a  Hz. 

length  ...  of  3000  a. 

Linear  shunted  resistance  (•*)  ...  1.72x10* 3  G/ca. 

Quality  (Q)  ...4.0x10’. 

Energy  (naxiaun)  of  ...100  Gev. 

Coefficient  of  use  of  cycle  ...  1/16. 

Peak  bean  current  ...  43  pA. 

Average  beaa  current  ...  3  pA. 


,  Two 

coapletes  one 
(2.78  as)  and 


Peak  power  of  the  beaa 


•  •  • 


4.8  BW 
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Average/mean  power  of  the  beam  ...  0.3  Hi. 

Number  of  klystrons  ...  240. 

The  peak  power  of  the  klystron  ...  20  ki. 

Average/mean  power  of  the  Klystron  ...  1.25  ki. 

Type  of  high-frequency  system  ...'travelling  wave  with  the 
high-frequency  feedback. 

Number  of  sections  of  accelerator  ...  48C. 

Length  of  the  sections  of  the  accelerator  ...  6  a. 

Time  of  the  filling  (tc  6J.2o/o)  ...  18  ms. 

Scattered  in  the  accelerator  power  ...  1200  N  (4.0  W/m) . 

Duration  of  hf  pulse  ...  0.25  s. 

Duration  of  the  beam  burst  ...  0.24  s. 
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Interval  between  hf  iap ulsas/acaaata/pulses  ...  3.75  s. 

Attenuation  factor  of  accelerator  <r)  ...  37.9x10”7  neper. 

Attenuation  factor  of  fcedtacx  (7)  ...  3.7x1Q~7  neper. 

Coefficient  of  bridge  (g)  ...  0.546x10*. 

Circulating  power  P0  with  ?rio«  •••  54.6  Mi. 

The  estimations  cf  expenditures  [5]  (based  on  the  values  of 
1969)  according  to  the  alteration  cf  Stanford  accelerator  into 
superconducting  lie/rest  in  the  range  free  67  to  79  aln.  dollars; 
total  cost/value  depends  on  the  feasibility  of  different  versions 
examined.  The  cost  estiiate  enccapasses  25c/c  cf  unforeseen  flow 
cates  and  is  conducted  ter  the  operating  freguency  of  2856  HHz. 

In  Stanford  are  conducted  aatarials  research  and  aethods  of 
treataent  for  the  purpose  of  acnieveaent  in  the  practical 
constructions/designs  cf  the  gradients  of  33  fleV/a  and  saall 
high- freguency  losses.  At  present  oest  cf  the  materials,  apparently, 
is  niobiua.  The  connection  of  components  in  acccaplished/realized  by 
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welding  by  an  electron  bean.  Selding  is  conducted  free  inside  of 
construction/design  for  obtaining  the  sacother  internal  surface. 

After  welding  is  conducted  tie  etching  in  the  pickle,  vacuun 
annealing  by  1600-2000°C*  repeared  etching  and  then  repeated 
annealing  at  a  high  te trperat ure.  Cue  to  the  technical  liaitations  are 
at  present  prepared  anc  tested  ciij  saall  (fee  X-range)  resonators. 
Annealing  is  conducted  by  induction  heating  in  the  quartz  vacuus 
chaeber/caaera.  At  presect  are  iade  installations  fer  welding  and 
treating  the  resonators  cf  larger  size/diaensicn.  They  will  aake 
possible  to  connect  and  to  week  resonators  and  short 
construct  ions/designs  fex  S  -  range.  The  Manufactured  new  furnace 
will  have  a  heating  zoce  in  diameter  5  inches  and  by  the  length  of 
6.5  inches.  In  this  de vice/equipmant  it  is  possible  to  obtain 
temperature  of  2000°C  anc  pressure  10"*  tcrus. 

Measurements  for  the  resenator  of  X-  range  for  the  wave  TE0tt  a* 
a  temperature  of  1.85°K  gave  value  of  Q,  equal  to  3.4x10*,  and 
permissible  magnetic  field  —  7QC  G  Q.  The  recalculation  of 
above-indicated  value,  for  the  frequency  cf  2856  MHz 

proportionally  gives  valce  Q-i.5x1Ql°.  This  approximately  is  6  times 
higher  than  computed  value  (see  above).  However,  the  permissible 
■agnatic  field  must  be  brought  tc  —1000  G  so  that  would  beccme 
possible  the  work  with  the  calculated  gradiect  cf  33  HeV/m. 
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With  the  aid  of  tec  differ eat  programs  were  made  on  the 
coaputers  the  calculations  of  the  optiaue  fcras  of  resonator  for  the 
superconducting  accelerator.  In  cne  of  these  pregrass  [7]  the 
properties  of  the  structures  cf  waveguide  linear  accelerators  are 
calculated  by  the  aethed  or  functional  field  expansion  instead  of  the 
net  point  nethod.  Another  prcgxaa  j.  3 ]  is  the  new  version  on  FOBTBAN 
cf  program  LAIA  [9,  10’,  comprised  in  Los-Alamos  scientific 
laboratory.  This  prograa  is  especially  convenient  for  the  structures 
with  the  standing  wave;  for  the  waveguide  structures  it  must  be 
somewhat  altered.  During  the  investigation  of  the  optimization  of 
resonators  in  Stanford  was  paid  spacial  attention  to  the  minimization 
of  tha  ratios  of  the  peak  values  cf  electrical  and  magnetic  fields  to 
the  effective  ones,  since  these  relations  are  the  basic  factors, 
which  are  determining  the  maximum  attainable  gradients.  The  cfctained 
as  a  result  of  investigations  configuration  cf  resonator  is  shown  in 
Pig.  19.  For  this  constructicn/design  the  ratio  of  peak  electric 
field  to  the  affective  is  agual  to  1.66,  and  the  ratio  of  peak 
magnetic  to  the  peak  electric  field  -  31  G/(MeV/m). 

Among  other  investigations  cn  the  superconductivity,  made  in 
Stanford,  should  be  noted:  1)  the  determinaticn  of  maximum  fields  and 
remaining  losses;  2)  ncclinear  effects  in  the  strong  fields;  3)  the 
effects  of  radiation  damage;  4)  the  autoelectxic  emission;  S)  the 
thermal  conductivity  of  eaterials  even  6)  the  deformation  of 
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resonators,  caused  by  feign- frequency  field. 

In  parallel  with  the  exaained  above  fundamental  investigations 
is  constructed  the  short  experimental  accelerator,  known  by  the  name 
"Leapfrog"  ("l,eap-frog")  •  Tne  accelerator  "leapfrog"  is  a  composita 
part  of  waveguide  resonance  ring. 
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Fig.  19.  Fern  of  rasenatex,  which  ensures  a  stall  relation  of  aaxiaua 
electrical  and  magnetic  field  and  effective. 

Key:  (1).  Radial  distance,  see  (2).  Distance  along  the  axis,  see 

Cage  27. 

The  selection  of  such  ccnstructicn/design  was  caused  by  the  fact  that 
the  ratio  of  peak  to  tfce  directive  field  for  this  systea  to  20-30c/c 
is  lower  than  in  the  ptacticai  systems  with  standing  waves.  The 
accelerator  "Leapfrog" ,  thick  nas  the  length  cf  52.5  ca  (15 
resonators),  is  depicted  uxthin  the  Dewar  container  with  liguid 
heliua  in  Fig.  20.  With  rated  current  (48  pi)  calculated  energy 
"Leapfrog"  is  —17  HeV.  The  beginning  of  work  cf  "Leapfrog"  only  with 
the  radio-freguency  voltage  (stage  1)  is  planned  on  the  end/lead  of 
calendar  1970.  With  the  successful  execution  cf  stage  1  in,  1972, 
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Mill  be  begun  the  work  with  beds  or  Dewar’s  inside  new,  horizontal 
vessel. 
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A.  A.  Komar.  There  are  whether  any  periods  for  the 

tr ans lation/convarsicn  cf  accelerator  into  the  superconducting 

version  with  the  energy  100  Gav? 

F.  Nil.  The  optimistic  periods  cf  translaticn/ccnversion  are 
approximately  3  years. 

A.  V.  Mishchenko.  Bow  frequently  tne  accelerator  does  go  out  cf  order 
and  how  much  does  it  during  this  stay? 

8.  Nil.  Work  occurs  during  three  weeks,  then  cne  week  of  preventive 
naintenance.  80o/o  of  time  we  work  with  the  team. 

A.  A.  Kolomenskiy.  Is  hew  the  position  of  matters  concerning  the 
translation/conversion  cf  accelerator  Mark  III  cn  1  GeV  in  the 
superconducting  version? 

B.  Nil.  It  is  assumed  that  the  week  on  transiticn  must  be  completed 
toward  the  end  of  the  year.  For  this  will  he  required  the 
displacement  of  accelerator  of  eta  location  intc  another,  which  is 
arranged  than  lower  existing.  These  works  have  already  been  begun;  in 
particular,  is  transferred  the  equipment,  which  concerns  praliminmry 
acceler ation. 
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A.  A.  Kolomenskiy.  How  it  is  proposed  to  solve  stability  problem  of 
beam  in  the  superconducting  version  of  accelerator? 

R.  the  Nile.  In  the  superconducting  version  it  will  be  necessary  to 
carry  out  an  autoaatic  checK  or  several  parameters:  first,  quantity 

of  reflected  energy  in  tka  ring  or  feedback,  in  the  second  place,  it 

is  necessary  to  regulate  the  value  of  the  maximum  power,  going  in  the 
forward  direction  into  tha  saae  loop.  Then  it  is  necessary  tc 

regulate  the  amount  cf  the  fewer,  transferred  in  this  ring  of 

feedback,  with  respact  tc  the  beaa.  All  this  will  be  regulated 
automatically  and  simultaneously. 
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Pig.  20.  Accelerator  "leapfrog"  in  Dewar.  1  -  gate;  2  -  to  eanoeeter 
3  -  feed  of  liquid  nitzcgen;  <*  -  sample  from  the  the  foaa 
polyurethane;  5,  6  -  screens;  7  -  evacuation  cf  accelerator;  8-15  - 
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resonators;  9  -  choice  joint;  10  -  aigh-frequency  window;  11  - 
evacuation  of  high-f regueacy  systea;  12  -  liquid  nitrogen;  13  - 
bigh-fraquency  window;  1  u  -  level  of  helium;  15  -  liquid  heliua 
tonitoring  instrument;  17  -  coupler;  IS  -  tuning  elements;  19  - 
phase-shifter;  20  -  high-frequency  load;  21  -  klystron. 
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4.  Work  of  proton  synchrotron  to  tae  energy  7C  GES. 

Yu.  M.  Ado,  A.  A.  Zhuravlev,  V.  1.  Zaytsev,  A.  A.  Kardash,  K.  p. 

t 

Myznikov,  a,  A.  Myae,  .  A.  Naumcv,  V.  Ye.  Fisarevskjy,  0.  N.  Badin, 
v.  G.  Bogozinskiy,  A.X/.  Khanirrryan,  B.  x.  Shembel',  K.  A.  Yakovlev. 

(Institute  of  high-energy  pnysics) . 

The  works,  conducted  on  the  accelerator,  first  of  all  ace 
connected  with  increase  in  the  reliability  cf  the  work  of 
technological  systems,  craaticn:  the  conditions  of  the  simultaneous 
setting  of  several  physical  experiments,  with  an  improvement  in  the 
quality  cf  the  brought-out  reams  of  particles,  with  an  increase  in 
the  intensity  of  the  beam  of  the  accelerated  pretons.  It  is 
communicated  below  afccnt  the  basic  works,  carried  out  in  last  year. 

Cn  certain  of  them  are  represented  separate  reports  [1,  2]. 

Investigations  cn  particle  dynamics  are  conducted  in  essence  for 
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two  sections  of  the  accelarative  cycle:  a)  u pen  the  injection  and  in 
the  beginning  of  acceleration ;  t)  an  the  large  fields.  The  first 
section  is  interesting  fro*  the  point  of  view  of  the  prospects  for  an 
increase  in  the  intensity,  and  by  the  second  -  it  is  important  for 
the  bean  shaping  with  the  necessary  parameters  before  its 
discharge/brealc  on  the  target  aid  tor  the  ccnclusion/output  of 
protons  fron  the  accelerator. 

Investigations  in  snail  fields  enconpassed  furtner  works  on  the 
correction  of  orbit  and  cf  operating  point  of  accelerator,  the  study 
cf  the  effect  of  different  paraaeters  on  the  characteristics  of  bean, 
and  also  the  investigations,  connected  with  an  increase  in  the 
effectiveness  in  the  synchrotron  capture  and  by  space-charge  effect 
with  the  work  of  the  accelerator  with  an  intensity  of  1012 
prctons/pulse  is  above,  for  an  increase  in  the  capture  efficiency  was 
used  the  nethod  of  preliainaxy  c«aa  bunching  cut  of  separatrix  [3]. 

In  our  case  this  can  give  an  increase  in  the  intensity  by  30-40o/o 
without  substantial  changes  in  the  aode/conditions  cf  the 
power-supply  systen  cf  clectxciagnet. 

Bea*  bunching  was  acccaplished/realized  by  displaceaent  cf 
radio-frequency  prograa  by  the  tethod  of  introduction  to  the 
frequency  shift  key  cf  the  generator  of  the  acdulating 
in pulse/noaentun/pulse  cf  the  deration  of  30-80  ps.  The  phase 
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agree  neat  of  separatrix  vita  cuacids  of  particles  at  the  aoaent  of 
the  ead  of  the  process  cf  ouncnang  was  conducted  due  to  the  creation 
of  ejection  in  the  radic-traguency  prograe  by  the  duration  of  8-10  s. 
The  aaplitude  of  ejecticn  was  determined  by  the  value  of  the 
necessary  phase  shift.  At  the  siall  intensity  preliminary  bunching 
gave  an  increase  in  the  coefficient  of  capture  by  35o/o,  which 
coincided  with  the  calculation,  frca  an  increase  in  the  current  of 
injection  the  effect  c 1  bunching  falls  also  at  the  intensities  of 
approximately  10*2  protcrs/pulse  an  increase  in  the  coefficient  of 
capture  coeprised  less  than  2Uo/o.  The  pulse  spread  of  the  injected 
bean  was  equal  tc  +p.25c/o. 

Large  program  is  made  on  investigation  of  the  passage  of 
parametric  resonance  9.5.  For  the  correction  cf  the  width  of 
resonance  were  experimentally  tested  the  diagrams,  which  correct  the 
19th  harmonic  of  the  distribution  of  gradient  of  magnetic  field 
according  to  the  azimuth  and  the  diagrams  of  the  independent 
correction  of  resonance  bands  os  and  t  [1].  The  experiaental 
adjustment  of  the  systems  of  corraction  made  it  possible  to  raise  the 
aaximum  value  of  the  intensity  cf  the  accelerated  bean  »1.2*10**  to 
1.5«10**  ptotons/pulse . 

Obtaining  high  intetsity  requires  the  correction  of  the 
series/row  of  the  characteristics  of  magnetic  field  at  the  beginning 
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of  the  cycle  of  acceleration  [4j.  The  systematic  measurements  of  the 
form  of  equilibrium  orbit  show*  taat  in  proportion  to  an  improvement 
in  the  ferromagnetic  situation  rear  the  accelerator  and  other  reasons 
the  effectiveness  of  tie  systems  cf  correction  and,  in  particular, 
tenth  harmonics  of  field  increases.  Thus,  if  the  previously  [S] 
introduction  to  the  correction  cf  the  tenth  harmonic  of  vertical 
field  component  did  not  lead  tc  the  decrease  cf  radial  orbit 
distortions,  th9n  at  present  tne  fxaction/pcrtion  of  the  tenth 
harmonic  composes  -30c/c  in  the  value  cf  orbit  distortion,  with  the 
optimum  distortion  correction  cf  ccbit  they  comprise:  on  i-+i,2  cm, 
cn  -  *.  o,8  cm. 

Periodic  observation  of  the  stability  cf  the  position  of  the 
blocks/aodules/units  of  circular  electromagnet  shows  that  occurs  an 
increase  in  the  strains  cf  basis/tase.  The  basic  reasons  for  the 
continuous  residues/settliags  and  inclinations/slopes  is  the 
displacement  of  large  Besses  in  the  region  cf  experimental  hall 
(dismountable  concrete  shield  and  heavy  technclcgical  equipment) ,  and 
also  change  of  the  hydrctnenal  conditions  of  ring  and  adjacent 
sections.  Displacement  cf  the  blcchs/modules/onits  of  circular 
electromagnet  relative  to  the  designed  position  (it  began  of  1967) 
and  caused  by  this  orbit  distortions  were  shewn  in  Fig.  1.  As  is 
evident,  the  greatest  chenges  occurred  in  the  vertical  direction 
where  together  with  orbit  distortion  in  the  limits  cf  >0.8  cm  occurs 
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the  decrease  of  the  aperture  or  vacuus  chamber  cn  0.6  ca.  Apparently, 
in  the  very  near  future  tae  partial  adjustaent  cf 
fclocks/aodules/units  will  beccae  necessary. 

Por  the  effective  use  ct  reams  of  secondary  particles  in  the 
physical  experiaents  is  required  their  urifcrsity  on  the  density  for 
a  period  of  tine  cf  ccrclusicn/cctput.  Therefore  considerable 
attention  was  given  to  wcrxs  cn  an  increase  in  the  duration  cf 
extracted  beaa  and  an  iiproveaent  in  the  tiie/temporary  structure. 

The  slow  inducticn  of  accelerated  team  to  internal  targets  is 
conducted  with  the  aid  of  the  system,  which  creates  local  orkit 
distortion  with  the  use/applicaticn  of  feedback  cn  beaa  [6].  In  order 
to  exclude  high-frequency  structure,  acceleration  ceases  before  the 
induction  of  beaa  to  the  target.  Tiae  of  de-bunching  approximately  10 
as.  The  teaporary/tiae  heterogeneity,  caused  ky  the  pulsations  of  the 
aagnetic  field  of  accelerator,  was  reaoved  due  to  an  iaproveaent  in 
the  frequency  characteristics  ct  the  system  of  feedback  and  power 
supply,  with  the  passband  of  feedhack  loop  3  khz  is  suppressed  entire 
spectrua  of  haraonics,  which  is  present  in  the  field  of  accelerator. 
Greatest  difficulty  presents  resonance  effect  during  the  induction  of 
beam  to  the  target.  Has  already  keen  noted  [7]  that  at  the  end  of  the 
acceleration  with  the  teas  displacement  cn  a  radius  intersect  the 
bands  of  auharaonic  rescnanccs  cf  connection/coaaunication .  If  in  the 
process  of  induction  tc  the  target  it  is  excited  by  any  of  these 
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resonances,  then  decreases  the  effectiveness  cf  interaction  of  the 
accelerated  beaa  with  the  target,  and  appears  idle  hunching 
sodulation. 

Fage  29. 

This  affect  is  reooved  either  bj  the  eethod  cf  displacement  cf  beaa 
by  a  radius  into  the  recicn,  free  from  the  resonances  or  due  to  the 
displacement  of  operating  point  kith  the  aid  cf  the  system  of  the 
correction  of  gradient,  fig.  2,  and  shoes  the  time  structure  cf  beaa 
under  the  effect  of  acbaracnic  resonance,  while  in  Fig.  2b  -  the 
cscillograa  of  falling  cf  bean  to  the  target  during  the  elimination 
cf  this  resonance  by  tie  correction  cf  gradient.  The  realization  of 

the  measures  indicated  made  it  possible  to  ottain  the  uniform  beams 

of  secondary  particles  by  the  duration  to  1.3  s  with  a  modulation 
depth  with  respect  to  density  not  exceeding  1056  (Fig.  3).  9?For  the 

experimentation  with  bubble  chambers  was  put  into  operation  the 

system,  which  made  it  possible  tc  obtain  the  iapulses/moaenta/pulses 
cf  secondary  particles  by  tne  duration  less  than  500  ps  [2]  and 
produce  the  dosage  of  partrclas  in  the  chamber/camera.  The  rapid 
discharge/break  of  the  accelerated  beaa  to  the  target  is 
accoeplished/realized  with  the  aid  of  the  pulse  eagnetic  deflector, 
placed  in  straight  secticn.  Current  in  the  deflector  is 
interrupted/broken  on  the  feedback  signal  after  passage  through 
bubble  chamber  of  the  pxescrined/assigned  number  of  particles. 
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An  increase  in  the  effectiveness  in  the  use  of  an  accelerator 
was  conducted  also  due  tc  an  increase  in  the  nuaber  of  experiments, 
conducted  in  one  cycle  cf  acceleration.  For  this  the  duration  of  the 
flat/plane  part  of  the  magnetic  cycle  was  increased  to  1.5  s.  This 
made  possible  if  necessary  to  carry  out  in  one  cycle  three  beam  spill 
to  different  targets  by  coratacn,  through  400  ms.  Furthermore,  in  the 
process  of  acceleration  i t  is  possible  tc  carry  out  experiments  with 
the  thin  targets  (tape/fila  cr  gas),  introduced  into  the  circulating 
beam,  and  to  also  utilize  a  part  or  the  bean  for  the  works  in  the 
adjustment  of  equipment.  A  maxima  number  of  experiments  in  cne  cycle 
cf  acceleration  reaches  five,  dcvever,  a  number  of  works,  which 
conduct  numerical  measurements  and  set  of  statistics  as  a  rule,  does 
not  exceed  three. 

The  range  of  a  chance  in  the  level  of  the  flat/plane  part  of 
magnetic  field  correspccds  tc  a  change  of  the  energy  of  particles 
within  the  limits  of  2C-7Q  deV.  Ey  basic  node  of  work,  however,  is 
node/conditions  with  the  energy  70  GaV,  which  corresponds  to  the 
level  of  magnetic  field  In  orbit  12020  e.  The  field  current  cf 
electromagnet  in  this  case  is  egual  to  9100  a.  The  flat/plane  part  of 
the  field  is  stabilized  with  the  pxecision/accuracy  +.4  e.  The  form  cf 
magnetic  cycle  and  the  typical  arrangeaect/pcsition  of  experiments  on 
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it  ar9  shown  in  Fig.  4.  turn  the  work  of  the  accelerator  on  the 
interaediate  energy  the  duration  c i  cycle  is  shortened  due  to 
corresponding  decrease  cf  tne  tiae  of  growth  and  decrease  in  the 
eagn9tic  field.  It  should  he  nctad  that  the  acdes/conditions  of  the 
correction  of  orbit  and  field  gradient  are  changed  with  a  change  in 
the  mode/conditicns  cf  uerk  of  the  accelerator.  Thus,  upon  transfer 
froa  the  aode/condit ic rs  with  the  energy  70  GcV  to  the 
oode/conditions  with  the  energy  *40  GeV  betatren  freguencies  decrease 
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Pig.  1.  Displacement  of  tae  blocks/nodules/units  cf  circular 
elect roaa g net.  a)  on  the  heigat;  t)  in  the  plan/layout;  c)  the  fora 
cf  distortion  of  orbit  (dotted  line  -  on  the  horizontal,  continuous 
cn  the  vertical  line). 


Key:  (1).  Experiaental  hall.  (2).  sono  blocks/aodules/units 
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it  present  are  conducted  works  bat  to  the  creation  of  the 
intermediate  plateau  ot  iagnetic  field,  which  will  sake  it  possible 
to  still  raise  the  effectiveness  of  the  use  cf  an  accelerator. 

Typical  for  the  accelerator  is  the  four  week  old  cycle  cf 
continuous  operation  with  the  subsequent  twc-week  cessation  fcr 
conducting  of  preventive  works,  preparation  for  next  experiments  and 
works  in  the  aodernizaticn  cf  accelerator.  Free  22  June,  3969, 
through  6  June,  1970,  the  booster  duration  with  the  beaa  was  1024 
hours,  of  thee:  82o/c  cf  txae  were  used  to  the  physical  experiaents 
and  l3o/o  to  the  investigation  cf  accelerator.  Idle  tines  within  this 
period  composed  14o/o.  Average/ lean  working  intensity  in  the  year  of 
work  is  equal  to  7.5«10**  protons/cycle.  In  the  separate  perfcrnances 
in  conducting  the  experiaents,  which  require  aaxiaua  intensity, 
average/aean  intensity  reached  9 •  1C 1  *  particles/pulse. 
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Fig.  2.  Oscillograms  of  the  impu Jsa/moaentum/pulse  cf  secondary 
particles.  Scanning/sveep  or  50  as/div. 

In  oscillograms  a  and  b  it  is  given:  above  -  current  pulse  in 


the  guidance  system  of  t«ao  tc  the  target:  tele*  -  signal  frem  the 
monitor  of  secondary  particles,  a)  under  the  effect  of  anharmonic 
resonance;  b)  during  the  eliiination  of  resonance. 
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Fig.  3.  Oscillograa  of  the  iap ulse/aoaen tua/pulse  of  secondary 
particles. 


3elow  -  signal  frci  the  accxtor  of  secondary  particles;  above  - 
currant  pulse  in  the  systaa  of  the  correction  of  bean  on  the  target. 
Scanning/sveep  of  50  as/civ. 


Fig.  4.  Diagraa  of  typical  aode/conditions  cf  work  of  the  accelerator 
with  energy  70  GeV. 
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3,  -  adjusting  experiments ;  32  -  rapid  dischar  ge/brealc  into 
bubbla  chamber;  33,  34  -  experiments  in  the  set  of  statistics. 

Key:  (1).  noise-resistar t  plateau.  (2).  s. 
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5.  Electron  bean  for  e if eriseats  in  electronic  cooling. 

G.  I.  Budker,  7.  I.  Kudslaynen,  I.  N.  Meshkov,  V.  G.  Ponomarenko,  S. 
G.  Popov,  H.  A.  Salimov,  A.  3.  Skrinskiy,  B.  fi.  Smirnov. 

(Institute  of  nuclear  physics  ci  SC  AN  OSSH  [  co  ah  cccp  -  Siberian 
Department  of  the  Academy  of  Sciances  of  the  OSSH])  . 


For  the  realization  of  oscillation  damping  of  particles  in  the 
proton  (anti-proton)  accumulatcrs/storage  G.  1.  Budker  proposed  the 
method  of  the  "electrode  coding"  [1]  whose  essence  consists  of  the 
following.  If  in  one  of  straignt  sections  of  racetrack  of 
accumulator/storage  is  created  tie  stationary  electron  beam,  the 
average  speed  in  which  coincides  with  average  speed  pc  of  protons, 
oscillation  of  the  latter  they  attenuate  with  the  characteristic 
time: 

.  4fs  „ 

't-107  ,  (|) 


where  j  -  current  density  in  the  electron  beam  in  a. 
ratio  of  the  length  of  the  gap/interval  cf  "cooling" 
of  accumulator/storage, 

•  V.  (¥ 


cm  *,  T  - 
tc  the  perimeter 


T 
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indices  p  and  e  relate  tc  me  pretons  and  the  electrons  respectively. 
The  presence  of  residual  gas  in  the  chamber/caaera  cf 
accumulatcr/storage  superimposes  supplementary  reguirements  for  the 
parameters  of  electron  beam  [  1,  ij; 

I07pr3 


i/»6* 


P, 


(2) 


where  P  -  pressure  of  residual  gas,  torus. 


Being  steady  the  size/aiaeosion  of  the  proton  beam 


The  study  of  method  is  intended  to  conduct  on  the  ring  VEPP-3  of 
IYaF  of  SO  AN  USSR  [3]  with  the  energy  of  protons  200  He?  and 
electrons  100  kev.  Stationary  electron  beam  is  introduced  into  the 
gap/interval  of  "cooling"  and  is  derived/concluded  from  it  with  the 
aid  of  the  electron-optical  system  (Fig.  1).  about  which  it  is  said 
below.  The  basic  parameters  or  electron  beam  (H*100  keV,  3~i„  (j-1.3 

A/m*)  ,  e^-a.io-3,  P-10  »  tcrus)  make  it  possible  to  obtain  r-10  s.  The 

accelerated  protons  have  -  3.1CT3.  The  length  of  the  gap/interval  of 
cooling  is  1  a.  the  perimeter  of  accumulator/storage  72  a.  The 
general  view  of  the  installation  cf  electrocic  cooling  is  shewn  in 
Pig.  2. 


The  basic  requireeent,  presented  to  the  electron  beam,  is  the 
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snallness  of  the  trans  versa.ng  speeds  of  particles  (2) .  Zt  proves  to 

be  that  the  virtually  cnly  aetncd  of  the  compensation  for  the 

defocusing  actions  space  charge  cf  beae  is  its  transportation  in 

longitudinal  aagnetic  field  £4].  if  source  of  electrons  (gun)  is 

placed  into  the  sane  aagnetic  raeld,  the  transversing  speeds,  caused 

by  the  action  of  the  space  charge  cf  beae,  give 

4J 

p1y,cHa 

Here  a,  3  -  radius  of  section  acd  beaa  current.  (Use/application  of 

channels  with  alternatir g-gradient  focusing  it  does  not  Bake  it 
possible  to  obtain  [4]  9a  8  e3/p5f*’mc»  ,  which  ccaprises  for  the  given 
above  paraaeters  4»io-*). 


For  the  optical  diagraa  kith  the  source,  placed  into  the 
aagnetic  field,  natural  as  the  cse  of  optics  cf  pier.  The  presence  of 
longitudinal  aagnetic  field  saxes  at  possible  tc  exclude  the 
defocusing  action  cf  ar.cce  openang/apert ore.  If  the  length  of  region 
Az  on  which  acts  the  defccusicg  radial  electric  field  cf  the  anodes, 
sufficiently  close  to  value  *-2oipc/eH  tbe  disturbs nce/perturbation 
is  snail: 


b-A.  w 

e  d  AipeH 


sin  at  »  (  5> 


where  d  -  distance  betveen  the  gun  and  tbe  first  accelerator. 


Has  utilizad  three-anode  gun;  distance  between  the  anodes  and 
potential  distributicn  cn  then  were  selected  on  the  the 
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electrolytic  bath:  &z~l  ca,  Ut*45  *V,  U**15  kV,  03=0. 

Introduction/in pot  end  heaa  extraction  froi  the  gap/interval  of 
cooling  are  conducted  in  the  torcidal  aagnetic  field.  So  that  the 
"centrifugal"  force  would  not  agitate  beaa,  in  the  sections  of 
introduction/input  and  ccnclusicn/cutput  is  superieposed  rotary 
aagnetic  field  on  the  cider  of  1C  €. 


The  heterogeneity  cf  longitudinal  aagnetic  field  leads  to  the 
disturbance/perturbaticr  cf  heaa.  If  the  region  of  heterogeneity 

Az<<\,  then 

.  aA X  AM 

—  ■  <«> 

Eut  if  az>x,  and  dependence  Ad  (2)  is  sufficiently  saooth,  then 
a*  ah 


9e-  k 


(Al)3 


H 


•  (7) 


The  windings  of  longitudinal  aagnetic  field  are  perforaed  by  the 
cooled  copper  busbar/tire  by  section  28x14  aa*.  The  sections  of  input 
and  output  (rotation)  cf  heaa  are  the  cuts  cf  torus  with  the  section, 
great ar  than  the  secticz  of  the  straight/direct  sections  of  sclencid. 
The  necessary  uniforaity  cf  field  (AH/H<5*  10-*,  Az£20  ca,  A8*~10  ) 
is  reached  by  the  systea  of  the  screens,  which  untie  the  aagnetic 
fluxes  of  solenoids  with  the  different  sections. 
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The  adjustment  cf  magnetic  system  and  adjustment  of  optics  guns 
were  checked  by  the  thin  election  team,  observed  with  the  aid  of 
sight  tube  on  luminescent  screen,  coving  screen  along  axial 
trajectory  and  recording  the  displacement  of  ieage  h,  it  is  possible 
to  rate/estiaate  the  disturtance/perturbaticn,  acquired  by  beam  in 
the  appropriate  section 

A8#~eHh/nc.  (8) 

Since  the  resoluticn  of  this  method  is  net  better  than  0.5  mm, 
adjustment  is  necessary  to  conduct  at  the  values  of  field  about  H=100 
e  (precision/accuracy  cl  measurement  h8e'3.io'3);  working  value  H-1500 
cf  e. 


Sxperiaents  with  the  point  team  showed  that  the  magnetic  system 
was  made  satisfactorily. 


* 

t 


S  ( 
! 

I 
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Fig.  1.  Diagraa  of  installation  of  electronic  cooling.  1  -  electron 
gun;  2  -  anode  block;  3  -  vacuua  c flasher  uith  the  distributed 
■agnetic  discharge  pimp;  4  -  landing  of  solenoid;  5  -  section  of 
rotation;  6  -  gap/interval  of  "cooling";  7  -  vacuua  chaaber;  8  - 
collactor/receptacle ;  S  -  aagnetic  discharge  puaps;  10  -  carrying 
insulator;  11  -  aagnets  cf  the  trajectory  correction  cf  protons;  12  - 
guadrupole  lenses  of  accuaulator/storage  VEPP-3;  13  -  counter  of  the 
atcas  of  hydrogen  (neutral  particles  with  the  energy  200  HeV). 


I 
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Fig.  2.  The  general  view  or  tne  installation  cf  electronic  ceding. 


Page  33. 


Pinally,  is  necessary  a  goed  coincidence  of  the  average  speeds 
cf  electrons  and  proters  [2].  cne  of  the  possible  sources  of  this 
error  is  instability  ir  the  tiae  of  energy  cf  electrons.  Therefore  it 
is  necessary  to  ensure 

*g-  a.  Jin  0#  (9) 

w  r-i  • 
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In  the  selected  parameters  of  installation  the  reactive  power  of 
beam  is  100  k«.  By  the  nest  acceptable  resolution  of  the  appearing 
problea  of  supply  is  represented  tie  use/application  of  a  known 
wethod  of  regeneration  ct  the  "limshing"  electrons. 

Experiments  in  recuperation  were  conducted  on  the  installation 
which  does  not  have  the  sections  of  rotation  [5].  The  length  of  the 
gap/interval  of  "cooling"  was  2  i.  In  the  aode/conditions  of 
recuperation  was  obtained  direct  current  a-i,i  and  with 
stress/voltage  uo*100  kv  (field  of  solenoid  2C0  e)  .  Less  current  did 
not  exceed  0.3  aA  with  the  vacuua  5»1G-*  torus,  potential  differences 
between  the  cathode  and  tne  ccllector/rec9ptacle  1.3  kv.  Thus,  the 
consuaed  fraction/porticn  of  power  coaposed  l.3o/o. 
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Discussion. 

ft.  Barton.  Did  achieve  you  energy  of  ring  200  MeV? 

a.  A.  Salioov.  Final  energy  of  the  accelerated  protons  200  BeV. 
Save  energy  -  1  ftev.  In  VBPP-3  the  protons  they  are  seized,  tut  it  is 
not  thus  far  accelerated. 

A.  A.  Koloaenskiy.  At  the  egual  proton  velocities  and  electrons 
substantially  grovs/risee  the  section  recharge  (neutralization) ,  and 
protons  ace  lost.  Are  scch  your  evaluations  cf  this  effect,  and  ho* 
it  does  affect  experiiect? 
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a.  A.  Salinov.  The  overcharging  of  protons  on  the  electrons  will 
fce  utilized  as  the  «etfccc  cf  recording  the  coincidence  of  proton  and 
electron  beaas.  Thereby  te  will  see,  how  good  we  contained  valccity 
and  position  of  proton  and  electron  beans.  According  to  the 
estinations  it  turns  out  that  tfce  tine  of  the  disappearance  c£  proton 
team  due  to  the  reconbiraticn  at  those  velocities  which  we  expacted, 
is  approxinat ely/exe np lazily  150  ain,  and  tine  of  delay  -  10  s. 
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6.  Possibility  of  accelerating  the  protons  by  the  energy  higher  than 
rest  energy  in  the  iscchrcnal  cyclotron. 

1.  A.  Sarkisyan. 

(Badio  engineering  institute  of  the  AS  USSR) . 

The  theoretical  ana  experimental  studies  of  the  dynamics  of 
particle  action  in  the  isochronal  cyclotrons  *ith  a 
three -dinensional/space  variation  in  the  magnetic  field,  carried  out 
in  Dubna  [1]  and  Oak  Ridga  £2],  snowed  that  during  the  amplitude  of 
radial  oscillations  into  several  centiaeters  (-3.5  ca)  and  the  set 
with  the  particle  of  ecergy  per  revolution  -300  keV,  internal 
nonlinear  resonance  of  fourth  order  (p=.-^-»4))  caused  by  the 
periodicity  of  the  structure  of  aagnetic  field  virtually  it  leads  to 
the  total  loss  of  beam,  end  aaxisua  energy  of  the  accelerated  protons 
is  liaited  by  the  nonlinear  resonance  (?W.  sitain  the  fraaework  cf 
linear  theory  aaxiaua  kinetic  energy  of  protons  can  be  evaluated 
according  to  the  expression 
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where  B„  -  rest  energy  cf  particle;  e,  and  em  -  depth  of  variation 
of  tha  fundamental  and  a-tn  haracnj.cs  of  field;  x  -  paraaeter  of 
Archimedes  spiral;  ^  -  current  radius  cf  acceleration. 

In  the  accelerators  with  wear  axial  focusing  (ax~0,25)  maxima 
energy  is  -810  .lev.  Accelaratj.cn  for  radius  (j%-2  together  with  a 
considerable  reduction  id  the  intensity  cf  the  beam  (anplitude  of 
radial  oscillations  several  sj.1 dimeters)  [2]  Beets  difficulties  with 
shaping  of  magnetic  fieic  due  tc  by  the  increasing  wi.h  a  radius 
nonlinearity  of  middle  field  and  variation  in  one  accelerator. 
Furthermore,  substantially  is  ccapiicated  systee  conclusion/output 
from  the  accelerator  ard  considerably  falls  its  eff ectiveness. 

For  the  realization  of  the  acceleration  cf  protons  in  the 
cyclotron  aode/conditicrs  tc  the  energy  *ore  than  it  is 

proposed  to  utilize  a  cascade  method  of  the  acceleration,  when  each 
previous  cyclotron  is  irjectcr  fcr  that  following. 

Fage  34. 

In  this  "cascade  isochronal  cyclotron  the  possibility  of  a 
considerable  increase  in  the  energy  is  reached  due  to  the  selection 
cf  the  specific  frequency  band  cf  radial  betatron  oscillations  v%  in 
each  accelerator.  The  frequency  range  in  the  first,  the  secondly,  the 
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third  and  so  forth  the  cyclotrons  cf  the  cascade/stage  is  selected 
with  respect  to  equal  cues  to  j(.n  -2^0  ± 

and  s0  fcrth,  where  the 
upper  value  of  frequency  in  each  cyclotron  corresponds  to  internal 
anharaonic  resonance  of  fourth  order  //->*&-* which  is  reached  by  the 
appropriate  selection  cf  periodicity  N.  The  first  cyclotron  can  be 
both  continuous  and  circular  type  (with  the  external  particle 
injection),  that  follow  all  -  circular  type.  The 
translaticn/conversion  cf  baas  cf  one  accelerator  in  another  is 
facilitated  by  the  fact  that  m  these  cyclotrons  for  achievement  of 
highly  efficient  beam  extraction  it  is  proposed  to  utilize  resonance 
connection/communicaticn  between  the  azimuthal  and  radial  motion, 
which  appears  on  the  tasis  cf  the  aechanisa  cf  anharnonic  resonance 
cf  the  fourth  order  when  and  so  forth.  Let  us  point  out  that 

in  Oak  aidge  on  the  electronic  analog  P  during  the-  careful 
optimization  of  the  characteristics  of  beam  acd  leading-out  system 
was  achieved/reached  the  coefficient  of  beam  extraction  ~95o/o  with 
the  aid  of  anharnonic  resonance  l  Cl  ].  The  guarantee  of  a  large 
radial  set  per  revolution  cn  inside  radii  of  the  order  of  one 
centimeter  makes  possible  m  toe  circular  cyclotrons  the  use  cf 
electrostatic  or  magnetic  pipe  with  the  central  plate  for  the 
translaticn/conversicn  cf  beam  upen  the  injection. 

Table  gives  the  exeapiary/approximate  paraaeters  of  three 
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accelerators  of  cascade/stage,  khich  per  ait  iapleaeotion  of  cyclotron 
acceleration  aode  of  pictcns  before  the  energy  *=2.5  GeV.  The 
identification  of  the  parameters  of  each  accelerator  was  based  on  the 
possibility  of  designirc  of  the  required  value  cf  middle  field  and 
fundamental  harmonic  in  operating  region  of  radii.  Here  H0  -  magnetic 
intensity  when  *Vm  aEd  *  initial  and  terminal  radii  cf 

acceleration,  j-0  -  frequency  of  revolution,  1  -  average/mean 

i 

intensity  of  emitted  beas. 

Although  upcn  transfer  to  the  subsequent  accelerator  in  the 
cascade/stage  decreases  radial  extent  of  the  zcne  of  acceleration 
hv'Sr'vn >  shaping  of  the  required  law  of  middle  field  with  an  increase 
in  index  n,  it  is  facilitated  a y  a  considerable  increase  in  the 
allowance  in  the  field.  1ms  is  connected  with  the  approach  cf  the 
relative  particle  speed  in  the  ceginning  and  end/lead  of  the  cycle  cf 
acceleration  and  with  the  possibility  of  an  increase  in  the  set  of 
energy  approximately/e lesplarily  oy  an  order  in  the  circular 
cyclotrons  in  comparison  with  the  cyclotron  with  the  continuous 
structure.  Thus,  in  the  pnase  cf  acceleraticn  f  ■- jo'  allowance  in  the 
field  for  the  first  accelerator  kith  0.4  MeV/re volution  composes 
dH/H=* 1 •10~4,  for  the  second  and  tne  third  with  2  HcV/rev  it  is 
respectively  equal  to  £H/H=*2. 2 • 10“3  and  i5.6«10-3.  The  estimation  of 
the  intensity  of  beam  %as  based  on  the  strength  of  internal  current 
in  the  first  cyclotron  1*500  pA  and  the  assumption  that  the 
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coefficient  of  beam  extraction  froa  the  accelerator  composes  95o/o. 
Let  us  note  that  a  considerable  increase  in  the  intensity  in  the 
isochronal  cyclotrons  is  connected  with  an  increase  in  axial  hardness 
((1**1)  [3,  4]  and  with  transition  to  the  high  aagnetic  fields  (during 
the  use  of  superconductivity).  In  this  case  average/mean  beat  current 
respectively  grows/rises  approximately/exemplarily  to  two  orders  and 
one  orders. 

An  increase  in  the  energy  of  protons  with  the  aid  of  cascade 
isochronal  cyclotron  will  be  deteriined  to  a  considerable  extent  by 
economic  considerations,  since  eacn  accelerator  of  cascade/stage 
provides  an  energy  gait  of  protcns  appro ximately/exemplarily  to  the 
constant  value,  equal  tc  810  Bed.  Ihe  creaticn  cf  this  high  intensity 
accelerator  will  make  it  possible  to  supply  precision  experiments  in 
the  region  of  physics  cf  nucleus  in  the  range  of  energies  into 
several  GeV.  Thus,  with  the  energy  of  protons  -1.7  GeV  the  output  of 
pi-me3ons  will  increase  2.3  tines  in  comparison  with  the  output  with 
the  energy  -800  aeV  [5^«  Since  threshold  for  the  production  Kf-  and 
JC“-  mesons  on  the  quiescent  proton  is  equal  tc  with  respect  1.5  and 
2.5  GeV,  then  at  an  energy  of  several  GeV  the  accelerator  exaeined 
can  become  also  the  bicfc  intensity  "factory"  cf  k-mescns,  competitive 
with  the  linear  accelerator. 


Let  us  point  out  that  together  with  the  isochronal  cyclotron  as 
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first  stage  of  cascade/stage  it  is  possible  tc  utilize  the  acting  and 
reconstructed  (with  a  variation  in  the  magnetic  field) 
synchrocyclotrons  in  tie  ranee  cf  energies  680*1000  AeV  and  projected 
linear  accelerators  to  the  energy  -800  neV. 
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table. 
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0,2 

1  2  1 

447 
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385 

— r  r  1 - 

0,281  810  9,88  475 

(?)  Bropoft 

3000 

12 

15 

0,2 

1042 

902 

982 

0,501  16504,56  -450 

per  lift 

1500 

18 

23 

0.2 

2084 

1965 

2018 

0,687  2500  2,28  425 

Key:  (1).  Number  of  the  accelerator  of  cascade/stage.  (2).  Parameter 
cf  accelerator.  (3).  aeV.  (4).  KHz.  (5)  .  pA.  (6).  The  first.  (7).  By 
the  second.  (8) .  The  third. 
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Discussion. 

7e.  skhvabe.  Ace  such  tie  possibilities  to  obtain  the  range  of 
variable/alternating  erergies  i c  jcur  project? 

L.  A.  Sarkisyan.  Cn  the  accelerators  for  the  energy  to  and 
above  variation  of  energy  tc  ensure  is  very  difficult.  This  is 
connected  vith  the  fact  that  strongly  nust  change  the  eiddle  aagnetic 
field  and  its  variatiot.  This  prcfclee  aeets  with  technical 
difficulties  in  the  realisation. 
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Page  35. 

Session  II. 

STATE  OF  THE  ACCELEHATCSS  OF  D1 If EiENT  TIPBS.  Designs  of  new  ones  and 
reconstruction  of  the  acting  settings  up. 

7.  Continuous  aicrotrcn  f  El  (prcjact) . 

S.  P.  Kapits,  L.  H.  Zykin,  A.  I.  Atraaov,  Yu.  Ya.  Stavisskiy,  V.  A. 
Slobodyanyuk,  V.  H.  Kondratyev,  V.  P.  Sarin,  A.  H.  Chernushenko. 

(Institute  of  the  physical  probleas  of  the  AS  ossb, 

Fhysical-energetic  institura). 

Sicrotrons  -  resonance  cyclic  electron  accelerators  in  recent 
years  find  an  increasing  use  in  nuclear  physics  investigations  also 
cf  radiation  physics  [1,  2j.  In  tbs  aicrctrcn  successfully  is 
coabined  the  high  aoncchroaaticity  of  electrons,  characteristic  tc 
cyclic  accelerators,  with  the  large  intensity  of  beaa. 

There  is  special  interest  ter  the  investigations  in  physics  of 
nucleus  in  the  use/applicaticn  cf  continuous  duties  of  accelerators. 


r 


DOC  =  30069203 


FACE 


Transition  from  the  pulse  beaa  to  the  the  continuous  makes  it 
possible  to  raise  the  intensity,  available  for  the  physical 
experiment,  conducted  vita  the  aid  of  electronics. 

Actually/really,  in  the  aajcrity  of  the  cases  during  the  use  of 
a  pulse  beaa  the  detecting  ecurpsert  is  overloaded  during  the 
iapulse/aonentun/pulse ,  "stays'*  between  the  ispulses/aoaenta/pulses. 

The  possibility  of  cesicmng  of  continuous  aicrotron  was  shown 
by  one  of  the  authors  of  present  report  [5]. 

Actually  aicrotrcrs  are  continuous  accelerators  (being 
distracted  froa  the  aicrcstructure  of  beaa  with  the  repetition 
frequency  several  thousand  acgabertz,  that  it  until  interferes  with 
experiaent) ,  and  their  "pulse  use"  is  caused  by  a  small  power  of 
existing  SVCh  of  the  generators  wnich  can  generate  the  necessary 
power  level  only  relatively  snort  tine. 

In  proportion  to  the  development  of  powerf ul/thick 
high-frequency  continuous  oscillators  [3]  beccae  real  and  the 
continuous  duties  of  aicxotrcns. 

It  is  necessary  to  eapnasrze  that  precisely  in  the  aicrctrons 
where  occurs  the  eultiplc  traversal  of  the  electrons  through 
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accelerating  field  of  resonator,  tie  realization  of  continuous  duty 
is  aost  profitable.  Actually/really,  relative  energy  loss  to  the 
excitation  of  resonator  in  the  case  of  aicrctrcn  is  less  and  n  of 
tiaes  of  the  corresponding  value  for  the  accelerators  with  the  single 
passage  (linear  accelerators),  where  n  -  nuiber  of  passages.  By  this 
fact  is  explained  high  at f activeness  (efficiency)  in  the  aictctrons. 

The  continuous  duty  of  aicrctron  Bakes  it  possible  to  obtain  the 
high  intensities  of  electrons  and  7-rays,  iapcrtant  during  the 
radiation-physics  in vestigaricns. 

In  this  work  are  exaaxncd  the  fundamental  ratings  of  continuous 
■icrotron,  planned,  in  ££I  on  S.  1.  Kapitsy’s  proposition  on  the 
basis  of  powerful/thick  S vcn  cf  the  oscillator  of  continuous  action 
[3]  and  aagnet  of  pulse  aicrctrcn  cn  30  Rev  [4]. 

Accelerator  is  designed  for  obtaining  of  the  steady  beaa  of 
electrons  to  12  tie?  with  the  current  of  electrons  tc  2  aA.  The 
overall  design  of  accelerator  is  given  in  Fig.  1.  System  switches  on 
strictly  aicrotron,  svch  oscillator  with  the  high-frequency  circuit, 
cooling  systea,  vacuua  systea,  systea  of  control  and  inspection  of 
paraa stars. 


1.  Nicrotron.  To  tne  accelerator  can  be  attributed  the 
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accelerating  cavity,  placed  into  tae  unifora  aagnetic  field,  vacuua 
chaaber,  magnetic  beaa  tele  and  electro-guide  for  its  transportation 
to  the  target. 

Resonator  (Pig.  2)  -  cylindrical  with  the  flat/plane 
covers/caps,  is  calculated  fcr  the  frequency  cf  1610  HHz,  has  the 
capability  of  its  thin  adjustment  with  the  aid  of  the  aovable  bolt 
systea,  on  the  cover/cap  of  rescnator  are  arranged/located  cathode 
node/unit  (filaaent  cathcde  froa  nezaboride  of  lanthanua),  acvable 
cooling  diaphraga  for  atsording  the  lew-energy  electrons,  which  did 
not  catch  into  acceleration  aode. 
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Fig.  1.  Block  diagram  c f  continuous  micrctrcn.  1  -  solenoid  of 
magnetron;  2  -  aagnetrcn;  3  -  have  circuit;  4  -  water  loads;  5  - 
aechanisa  of  the  adjustxent  cr  toe  frequency  cf  resonator;  6  -  drive 
cf  aagnetic  pipe;  7  -  resonator;  a  -  accelerator;  9  -  vacuum 
aggregate/unit;  10  -  gel-installation ;  11  -  cover  lock  with  the 
aechanisa  of  balance-start;  12  -  vacuua  aggregate/unit;  13  -  trap  of 
electrons;  14  -  external  target;  15  -  the  vacuua  seal;  16  - 
quadrupole  lens. 

Key:  (1).  High-voltage  rectifier. 

Fage  36. 

Resonator  has  the  branched  surface,  water-cooled,  calculated  for  the 
beat  release  to  150  kB.  Is  fastened  resonator  tc  the  wall  of  vacuua 


chaaber 
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Vacuum  chamber  has  cylindrical  wall  with  the  extensions  for  the 
beam  extraction,  evacuation,  conclusion/ cat put  of  pilot  signals, 
cooling-water  supply,  etc.  Its  ccvers/caps  are  polar  pole  pieces.  The 
sizes/dimensions  of  chaaber/caaera  mates  it  possible  to  obtain  14 
orbits  in  magnetic  field  a=940  e.  aagnetic  field  with  uniforiity 
0.  lo/o  is  stabilized  or  the  current  with  prscision/accuracy  -10'*. 

For  the  beam  extraction  is  utilized  aagnetic  pipe  froa  seft  iron 
[4].  its  construction/design  xs  acalogous  tc  the 
constructicns/designs  ct  aagnetic  pipes  in  the  pulse  aicrotrons. 

The  system  electrc-gui.de  switches  on  the  focusing  lenses,  the 
cooled  braking  target,  tzap  for  the  electrons  and  faraday  cylinder. 

2.  Magnetron  type  higa-freguency  oscillator  "nigotron"  [3])  is 
intended  to  utilize  at  power  output  150  ktf.  To  this  power  corresponds 
anode  voltage  23  kV  anc  current  3  -17,5  a.  The  supply  of  "nigotron"  is 
planned  to  carry  out  frea  the  adjustable  thyratron  rectifier,  since 
with  a  change  in  currart  and  aagnetic  field  of  "nigotron"  frequency 
is  changed.  Therefore  is  reguzrec  voltage  regulation  of  rectifier 
with  precision/accurac j  -0.  lo/o.  das  the  capability  of  the  resonance 
adjustment  of  systea. 

For  agreeing  SVCh  the  oscillator  with  the  resonator  of 
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accelerator  and  for  guaranteeing  the  possibility  of  steady  feed  to 
higb-freguency  power  intc  the  resonator  is  utilized  high-frequency 
circuit  with  the  divider  of  power.  Ranges  of  adjustaent  supplied  to 
the  resonator  S7Ch  of  the  power  cf  oscillator  ccapose  I0-90o/o.  The 
power,  diverted  into  the  seccaaary  channel  of  divider,  is  absorbed  in 
the  cooled  loads. 

A  change  in  ccnnection/ccaaunicatlon  of  the  directional  coupler 
is  acconplish ed/real izec  by  a  aethcd  of  introduction  to  the  secondary 
channel  of  the  dielectric,  whicn  changes  the  propagation  constant  cf 
electroaagnetic  wave.  As  the  dielectric  is  selected  ceraaics  on  the 
basis  of  oxide  of  berylliua,  which  possesses  lew  losses 
with  good  theraal  conductivity,  which  makes  it  possible  it  tc  apply 
at  the  high  levels  vch  cf  power. 

3.  Cooling  systea.  Cooling  system  contains  two  independent 
contours/outlines,  that  switch  cb  heat  exchanger,  circulating  puap, 
headers  and  conduit/marifcld.  as  the  heat-transfer  agent  is  utilized 
the  distilled  water. 

The  first  contour/cctline  is  intended  for  ccoling  the 
cleaents/cells  of  high-frequency  oscillator,  by  the  second  - 
resonator  of  aicrotron,  faraday  cylinder,  braking  of  targets  and 
traps  of  electrons. 
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The  aaxiaua  power,  removed  by  each  contcur/out line,  reaches  350 
ktf  with  the  flow  rate  cf  cooling  water  3C  a9/h. 

4.  Vacuua  systea.  Vacuua  systea  aust  ensure  the 
greaseless/oil-free  evacuation  cr  the  chaaber/caaera  of  aicrctron, 
electro-guide  and  VCh  cf  circuit  to  the  rarefaction  l0-*-l0-*  aa  Hg. 
For  the  evacuation  it  is  proposed  to  utilize  an  elactric  discharge 
puap. 


5.  Systea  of  contrcl  and  inspection.  Systea  the  control  also  of 
control  makes  it  possible  tc  check  the  basic  paraaeters  of  electron 
bean  (condition  and  current)  ard  the  paraaeters  of  the  separate 
nodes/units  of  installation  and  to  also  acccaplish/realize  remote 
control  of  supplies  cf  power,  of  cooling  circuits,  cf  auxiliary  and 
beam  current. 

Systea  switches  cc  tne  lovable  orbital  sensor,  which  uses  for 
aeasuring  the  current  distributees  of  bean  acccrding  to  the  erbits, 
sensors  for  aeasuring  the  aagnetic  field  of  accelerator,  faraday 
cylinder,  pressure  sensors  and  teaperature  cf  water  at  entrance  and 
cutput  of  the  cooled  ncdcs/units,  servodcives  of  reaote  control  of 
the  nodes/units  of  accelerator. 
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In  the  development  cf  the  design  of  accelerator  and  to  the 
experimental  final  adjustment  ox  tne  separate  solutions  the  large 
contribution  introduced  tne  colleagues  of  PEI:  s.  T.  Panasik,  I.  N. 
3arin,  7.  A.  Kurov,  Z.  1.  lyevleva,  P.  S.  Kleayshev,  V.  I.  Puchkov, 
Ye.  S.  Afon’kin,  colleagues  ex  ifP:  7.  n.  nelekbin,  Ye.  L.  Kosarev, 

B.  S.  Zakirov,  L.  3.  Luganskiy:  the  colleagues  cf  PEI  ia.  7.  I. 

Lenin:  7.  S.  Tatarintsev,  a.  V.  patlov,  G.  I.  Kreshishin,  and  also  C. 
K.  Il’inskaya,  7.  p.  Gcicvenkov,  L.  Pedortscv. 

To  these  all  comrades  and  their  associates  the  authors  cf  report 
express  their  deep  gratitude. 


i 


Fig.  2.  Resonator  of  ccrtinucus  ncrotron. 


Discussion. 


A.  I.  Zykov.  Which  the  fever  cf  nigotron? 

7.  A.  Slobodyan yuk.  1 5 U  «k. 

A.  I.  Zykov.  Are  such  tfce  diaensions  of  installation? 

7.  A.  Slobodyanok .  Ciaaetei  of  resonator  15  ca,  aagnet  -  1.2  a. 


I 
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length  of  waveguide  -  2.5  a,  height  of  "nigotron"  - 
26  ca. 


¥ 


a,  diaaeter 
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Page  37. 

6.  stata  of  natters  and  prospect  for  the  development  of  electronic 
synchrotron  DEZI  on  7.5  C-ES. 

G.  Kunpfert. 

(DEZI ,  PBG)  . 

After  the  conpleticn  or  the  period  c£  construction,  lasting 
alaost  five  years,  beais  it  was  for  the  first  tine  obtained  in  the 
accelerator  in  1964.  Beg  alar  work  of  the  accelerator  as  the  source  of 
particles  for  the  investigations  in  high-energy  physics  was  begun 
during  October  1964  with  intensity  15  of  work  shifts  in  the  week,  and 
beginning  froa  October  196o  synchrotron  it  vciked  continuously,  with 
exception  of  basic  holidays  and  t-  10-  weekly  cessation  in  the  year 
for  substantial  changes  in  the  synchrotron  and  the  experiaental 
halls.  Pig.  1  shows  th<  arrange aent/pcsitioc  cf  the  baildings  of  the 
conplex  of  accelerator  DEZI,  in  Fig.  2  -  the  scheaatic  plan/layout  of 
the  systea  of  bundles  C£2£.  and  Table  1  gives  the  hours  of  work  froa 
1964  through  1969. 

Expected  operating  tie*  on  1S70  g  approximately  the  saae  as  in 


r 


1 
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1969. 


Both  operation  of  syacarotxon  and  developments ,  connected  with 
the  prograas  of  iaprovocnt,  the)  are  acccoplished/realized  by  one 
and  the  sane  colleagues.  Advantages  this  are  obvious:  on  one  hand, 
for  the  operation,  this  covi licated  accelerator  as  synchrotrcn, 
necessary  the  highly  skilled  perscrnel  when  it  is  difficult  to  find 
only  for  the  shift  work  teaind  the  panel;  on  the  other  hand,  entire 
experience,  acquired  in  tn*  process  of  operation,  directly  is 
considered  in  the  pregraas  cf  iipzcveaent.  At  present  personnel,  who 
operates  accelerator,  counts  80  physicists,  engineers  and 
technicians. 

In  the  peried  frea  1964  tnreugh  1966  befere  the  personnel  of 
synchrotron  stood  the  tasks:  to  collect  work  experience  on  the 
accelerator,  to  train  operating  personnel;  to  organize  preventive 
works  and  to  introduce  technical  isproveaents  for  the  purpose  of  a 
reduction  in  the  nunfcer  cf  idle  tises. 

The  results  of  this  work  are  given  in  Table  1,  in  which  is  shewn 
a  reduction  in  the  nuatcr  of  interlayers. 

At  the  end  of  1966  was  coapleted  preparation  toward  the  first 
long-ten  prograa  of  iipzoveaente ,  directed  toward  an  increase  in  the 
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intensity  and  the  stability,  increase  in  the  energy,  iaproveaent  in 
the  quality  of  the  concluded  electronic  and  phcton  beans  and  further 
reduction  in  the  nuaber  cf  idle  tiaes. 

This  prograa  was  in  essence  ccapleted  in  1963-1969. 


'i 
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Fig*  1.  Arran geaent/pcsitica  cr  taa  buildings  of  the  accelerator  of 
"DE2I". 

Fage  38. 

Is  given  below  the  suaaary  cf  the  characteristics  of  accelerator 


at  present 
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aaxiaua  energy  ...  of  1.5  Gel. 

Stability  of  aaxiaua  energy  ...  £lo/o  (froa  one  cycle  to  the  next) 
♦2o/o  (long-tera) . 

Repetition  frequency  ...  of  50  iap./s. 

Tiae  interval  for  AE/E.< *0. x5e/o  kith  the  aaxiaua  energy  ...  cf  0.9 
as. 

Porosity  for  high-energy  paysics  ( AE/E^t.0- 25c/o)  ...  4.5o/o. 

Designed  intensity  ...  tie  average/aean  current  of  circulation  16  aA, 
either  10»*  particles  per  pulse,  or  5x10**  particles/s/ 

Cptiaum  values  of  intensity  ...  tie  average/aean  current  of 
circulation  18  aA,  either  1.13x1C*7  particles  per  pulse,  or  5.6x10** 
particles/s. 

Typical  values  with  the  run  of  jot  ...  the  average/aean  current  of 
circulation  3-12  aA,  either  5-7x10**  particles  par  pulse,  or 
2.5-3.8x10**  particles/s. 


Number  of  the  priaary  beans  ...  or  4  photon  teams,  2  concluded 
electron  beams. 

The  quality  of  the  concluded  electron  beaas 

intensity  ...  is  laxiaua  of  IQ1*)  particles  per  pulse  (with  the 
average/aean  rotating  teaa  5  aA)  . 

the  Quittance  ...  e  -  2,5it  aa.  aillirad  E^i,5»  ua.  aillirad. 

the  tiae  of  the  ccrclusion/cutput  ...  of  0.4-0. 9  as. 

Raxiaua  intensity  of  the  linear  accelerator  Nc  t  ...  of  180  aA. 

However,  what  was  aade  for  obtaining  such  indices?  Let  us 
exaaine  soae  aspects,  ccanected  with  the  enuacrated  above  prcgraas. 

Intensity.  Intensity  indicated  higher  apprcxiaately  is  three 
tiaes  higher  than  the  available  in  the  beginning  work.  The  basic 
reason  for  this  was  a  large  number  of  changes,  introduced  into  the 
linear  injector-accelerator  with  the  energy  40  Rev. 


Fig.  2.  schematic  plan/layout  ot  toe  systen  of  bandies  nDBZln. 


Key:  (1).  Ball.  (2).  Rings  (in  t to cess  of  outfitting).  (3). 
laboratory  of  synchrotron  frca  torching.  (4) .  Synchrotron.  (5) 
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Hachi  pafioTbi 


yMMapHO*  pa6oM«a  spa  ms  (603  octbhobok  m  npaaaHHKOB) 

MB  OCTBHOBOK  (6*3  npB3AH  H  HOB ) 

MJIBBTUCB 


H«B  BpBMB  nyMKB  ( 6*3  RpO^KABBTIUUI ) 


aj  roa 


1965  1866  186?  1868 


5075  5855  6816  6961 

2128  1504  1704  146; 


hm  ap«M8  hb  tiynxe,  aBnRBHHpoBBMHoa  ana  hc c jibaobbh kb 
u>  4>K3HK«  bucokhx  aaepniB 

3B6oH«e  BpBMfl  hb  ny«Mte,  paajiH3npoBBHHoe  ana  HccneaoBBHH# 
>p  $M3HK0  BbICOKMX  3HeprHl» 


508  878  68 

5330  5836  62 


3467  4228  4833  57 


2582  3460  4367  51 


3b6oh«b  BpeMn  hb  nysKe,  3BnnBHHpoBBHHoe  ana  Hcc/teaoBBHHft 

ig^cKopBTBnio  321  1208  1119  1105  5 

BpsMfl  npOCTOBB  hi) 

HBCbi  -  1206  10 12  673  6 

Key:  (1).  hours  of  work.  (2).  Hear.  (3).  Total  operating  tine 
(without  cassations  and  holidays),  (h) .  Period  of  stops  (without 
holidays)  .  (5)  ,  Preventive  aaintenance.  (6)  .  Operating  tiae  of  beaa 

(without  preventive  aaiotenance)  .  (7).  Operating  tiae  on  beaa, 
planned  for  investigates  in  high-energy  physics.  (8).  Operating 
tiae  on  beaa,  realized  for  investigations  in  high-energy  physics. 

(9)  .  operating  tiae  on  teas,  planned  for  investigations  on 
accelerator.  (10).  shutcfz  period.  (11).  hours. 


Page  39. 


las  coapletely  altered  the  systea  of  injection  into  the  linear 
accelerator.  New  systei  enccapasses  new  gun  with  the  large  service 
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life,  ensuring  higher  intensity,  improved  the  optical  systea  between 
gan  and  section  of  a  1*  linear  accelerator,  and  preliainary  grouper 
at  the  frequency  of  SOC  HHz.  inis  is  *  the  frequency  of  acceleration 
in  the  synchrotron,  whereas  linear  accelerator  works  on  the  6th 
haraonic,  i.  e. ,  at  the  frequency  cx  3  GHz.  Approximately  75o/c  of 
accelerated  particles  depend  on  the  relative  phase  between  the  linear 
accelerator  and  the  preliainazy  tuacher,  on  one  hand,  and  the 
synchrotron  -  on  the  other  hand.  Upon  the  infection  is 
accca plished/realized  frequency  modulation,  moreover  only  for  the 
short  period  at  the  beginning  of  the  cycle  of  acceleration.  Fig.  3 
shows  iaproved  conditions  for  acceptance,  actecver,  was  designed  the 
new  systea  of  the  transportation  cf  the  bean  between  the  linear 
accelerator  on  40  nay  (whicn  we  will  call  accelerator  no  1  in  order 
to  differ  it  from  the  linear  accelerator  to  400  NeV,  named 
accelerator  No  2  and  described  helcw)  and  the  synchrotron.  The  reason 
for  the  creation  of  the  new  systea  of  the  transportation  of  keam  was 
the  radiation  damage  of  aagnet  and  coils  of  lenses  in  the  old  systea. 
However,  were  also  impccved  dispersion  and  agreement  of  envelopes, 
and  are  also  obtained  the  best  possibilities  of  a  precise  centering, 
which  guarantee  ths  clear  and  well  reproducible  conditions  of 
injection  into  the  synchrotron. 

Fig.  4  depicts  the  section  cf  gun  and  preliainary  buncher  of  the 
linear  accelerator  No  1,  while  ir  Fig.  5  -  the  channel  of  the 
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transportation  of  elections  in  the  region  of  injection,  in  acdition 
to  the  aentioned  above  iaprcvements  of  linear  accelerator  and  channel 
cf  the  transportation  cf  electrons,  an  improvement  in  the 
devices/equip nent  of  the  measurement  of  beam  and  check  of  aagnetic 
injection  field  led  tc  an  increase  in  the  irtecsity  under  the  noraal 
conditions  for  operation.  In  the  straight/direct  sections  of 
accelerator  were  establisneu/installed  about  20  sensors  for  aeasuring 
of  intensity  and  displacement ,  that  overlapped  the  range  of  intensity 
measureaents  from  30  pA  to  30C  aA,  and  provided  resolution  in  the 
measurements  of  position  ox  approximately  1  a  Ana. 

These  blocks/aodules/units  -  inductive  type,  sensitive  to  1  MHz 
to  the  structure  of  the  circulating  beam,  given  by  the  interval  of 
injection  (one  injection  for  the  revolution)  . 

Pig.  6  and  7  depict  blcck/mcdule/unit  in  the  dismantled/selected 
and  asseabled  fora,  Fic.  6  gives  ar  example  cf  signals  about  the 
horizontal  position  along  tne  length  of  ring  upon  the  injection 
(displacement  of  the  center  cf  charge  as  a  result  of  coherent 
oscillations) .  Analogous  sensors  are  utilized  in  the  systems  of  the 
transportation  of  beam  and  between  the  sections  cf  linear 
accelerator.  In  those  sections  where  blccks/scd ules/units  cannot  be 
utilized  for  lack  of  space,  will  be  soon  established/installed 
sensors  with  the  high-frequency  ccntours/outlines. 
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Pig.  3.  Losses  of  particles  cn  the  first  revolutions 
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Fage  40. 


Pig.  6.  Sensor  of  intensity  (evened). 

Fig.  7.  Sensor  of  intensity  (asseabled)  . 

Fage  41. 

Por  the  correction  cn  the  direct  current  in  the  field  of 
injection  (40  G)  are  utilized  the  bindings  on  the  pel*  pieces,  with 
their  aid  it  is  possible  tc  introduce  horizontal  and  vertical  dipole 
corrections  in  the  supplement  to  the  ”sual  dipoles,  which  compensate 
for  a  difference  in  reiacent  fields  in  magnets  <p  and  £).  Finally, 


ere  guadrapole  windings,  waicn  aaJte  it  possible  to  correct  betatron 
frequencies  at  the  early  stages  cf  cycle.  Fig.  9  gives  an  example  of 
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the  effect  of  such  corrections. 

Should  be  notad  oce  additional  aeans  of  an  increase  in  the 
intensity  the  data  recording  systee  approximately  f roe  200  measuring 
devices.  With  the  aid  cl  this  system  the  operator  follows  the 
undesirable  changes  in  the  synchrotron  and  its  components,  and  it  is 
also  intended  by  the  ictzcduced  changes,  such  as  beam  displacement, 
investigating  the  behavior  of  beaa.  Fig.  10  depicts  the  general  view 
cf  th a  main  console  of  synchrotron. 
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Fig.  9.  Horizontal  lisplaceaaats  or  orbit  at  13  points 
injection  (upper  ray/fcea*). 
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Increase  in  the  stability.  Scae  most  iapcrtant  changes,  which 
ensured  the  best  stability  of  intensity  both  frca  one 
in pulse/aoaentun/pulse  tc  the  next  and  lcng-tera,  have  already  been 
aentioned  in  the  preceding  chapter,  dedicated  tc  intensity.  They 
include  new  gun,  prelitinary  greener  ,  with  the  frequency  cf  500  HHz, 
and  frequency  aodulaticn.  Moreover,  virtually  all  electronic  devices, 
which  affect  the  stability  cf  t«aa  in  the  linear  accelerator  and  the 
channel  of  injection,  were  reconstructed  for  the  target  obtainings  of 
the  best  stability. 

Thanks  to  these  technical  acdif icat ions  tecaae  attained  the 
lonh-tern  stability  cf  circulating  currant  *-5o/c. 

The  liait  of  the  stability  cf  energy  is  deterained  aainly  by 
alternating  current  cf  xagnets.  fchile  direct  current  is  stable  with 
the  precision/accuracy  ci  better  than  10"3,  alternating  current,  in 
spite  of  external  and  internal  reaction  circuits  in  the  source,  can 
cause  the  total  oscillation/ vibration  of  final  energy  to  4o/c.  The 
target  of  regulation  with  the  feedback  is  obtaining  stable  value 
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at  the  ioi«st  of  injection;  however  since  the  pulsed  source  cf 
supply,  which  feeds  for  the  resonance  systea  of  aagnet  right-angled 
stress/voltage,  it  is  started  frea  the  netwerk/grid  SO  Hz  (to  avoid 
play  between  net work/gric  a  Ed  cycle  of  synchcctccn) ,  phase  juaps  in 
the  network/grid  can  cats*  tbe  instability  cf  the  aaplitude  of  the 
sinusoidal  alternating  c errant  cf  aagnet. 

Increase  in  the  energy.  Initially  designed  energy  DEZI  was  6  GeV 
with  the  possibility  of  an  increase  to  7.5  GeV  with  an  increase  in 
the  source  power  of  high  frequency.  This  stage  was  realized  in  1968. 
In  the  high*frequency  oscillator  cf  2  klystrons  they  work  in 
parallel,  providing  the  peak  fewer  acre  than  1  as  and  average/nean 
power  300  ku  at  the  frequency  ct  500  HHz  (in  the  coaparison  with  the 
values  of  400/100  kW  fer  the  cla  generator)  .  1 verage/nean  power  is 
limited  to  the  supply  cf  power  cf  direct  current,  moreover  one  lamp 
gives  the  average/mean  fewer  cf  250  kW,  what,  by  the  way,  is 
aode/conditions  for  this  lamp  during  its  use  in  the  rings  DEZI.  The 
service  life  of  the  laips  considerably  that  ecre  guaranteed;  the  best 
lamp  it  studied  about  7CC0  hours,  and  operaticn  time  from  3000  to 
4000  hours  is  considered  normal.  Fig.  11  depicts  new  klystrons.  It 
turned  out  that  besides  tbe  alteration  of  high-frequency  oscillator 
it  is  necessary  to  change  vacuus  systea.  Fcr  the  laminar 
chaabers/caaeras  from  the  stainless  steel  and  epoxy  resin  subject  in 
the  run  of  job  was  the  energy  6.15  GeV.  As  a  result  of  the  degassing 
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(for  aost  part  water  wafers)  under  the  action  cf  eddy  currents  and 
radiations  with  the  energy  o. 25  GeV  tbe  pressure  grew/rcse  tc  5*10"« 
cr  even  to  1C T"*  GeV.  This  radicates  ionizaticn  in  the  high-frequency 
resonators  with  the  strength  of  high-frequency  field,  necessary  for 
the  werk  with  the  energy  6.25  GeV.  . 
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Desolation  of  problea  were  cezaaic  chaabers/caaeras ,  each  of  which 
was  assembled  of  14  suffice**  with  a  length  ct  32  ca  with  the 


DCC  =  30069204 


FACE 


■etallized  edges*  to  which  were  soldered  saall  Metallic  bailees. 
Moreover  adjacent  belle we  were  welded  between  theaselves.  For  these 
chanbers/caneras  normal  pressure  without  the  special  surface 
treataent  and  under  any  operating  conditions  composes  5x10"*  torus, 
which  indicates  the  resolution  cz  the  preblea  cf  vacuum.  Fig.  12 
depicts  ceraaic  can-type  chaxcer  ter  the  eaerging  beaa  of  photons. 

The  existing  liiitation  of  naxiaun  energy  cf  OEZI  by  the  value 
cf  7.5  Gev  is  not  superiiposed  fcy  technical  components,  since  the 
magnets  and  high-f requency  supply  are  capable  of  working  with  the 
energies  7.8-9  GeV.  However*  as  a  result  of  the  synchrotron  radiation 
and  the  connected  with  it  radial  betatron  oscillations  the  radial 
breadth  of  beaa  rapidly  gxcws/rises  with  the  energies*  which  exceed 
7.2  GeV.  aith  the  energies  cf  accve  7.2  GeV  the  control  of  the 
expansion  of  beaa  beccxea  ever  acre  and  aore  unreliable*  and  with  7.5 
GeV  beaa  fills  the  horizontal  aperture  of  vacuum  chaaber* 
constituting  in  the  aagnets  cz  radial  focusing  12  ca.  Is 
planned/glided  additicr  to  the  ccnstruction/design  cf  the  accelerator 
cf  the  daaping  aagnet*  aralcgcu*  tc  that  used  in  the  Caebcidge 
electron  accelerator  witt  the  work  in  the  ncde/conditions  of  clashing 
beaas  with  the  energy  3  GeV.  ihia  constr ucticn/design  transforms 
radial  oscillations  intc  the  Icrgitudinal  ones*  as  a  result  cf  which 
cf  daaping  both  types  ef  oscillations. 
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Fig.  12.  Ceraaic  vacuui  caaater/caaera  (for  the  section  of  the 
conclusion/output  of  pbctca  teas). 

Fage  44. 

If  it  is  necessary  to  use  synchrotron  with  the  "flat/piane 
apex/vertsx”  of  the  current  of  aaynet  -  the  project,  described  below 
this  it  is  iapossible  to  sake  with  the  energies  of  aore  than  6  Gev, 
if  is  not  the  well  working  attenuating  systea. 


DOC  *  30069204 


Characteristic  c£  external  beams.  For  the  best  control  cf  photon 
baaa  are  utilized  accurately  controlled  local  variations  in  that 
closed  they  are  shaved  arstead  cf  the  initially  utilized  very  rough 
sathod,  ccnsisting  of  the  spiral  turning  of  beaa  to  the  target  by  the 
letbod  of  the  siaple  reduction  cf  the  aaplitude  cf  high  frequency.  In 
order  to  obtain  such  divergences  cr  the  closed  erbit,  through  four 
series-connected  auxiliary  windings  they  discharge 

capacitor/condenser,  that  assures  current  in  the  fora  of  half-period 
cf  the  sinusoid,  aaplitude  and  phase  of  which  are  adjusted,  in  the 
systea  were  introduced  different  acdif icaticos,  which  ensure  the  feed 
cf  the  noncyclic  sequences  of  capacitor  discharges  for  the  purpose  of 
the  distribution  of  the  ispulses/ acaenta/pulses  between  the  users  and 
the  latter  according  tc  the  count,  but  net  in  teras  cf  the  value,  was 
introduced  the  systea  cf  feedtacx,  which  uses  as  the  acnitcr  a 
photoaultiplier,  in  erder  to  realize  not  only  the  daussian  tiae 
distributiens  of  intensity,  but  also  the  trapezcidal  and  rectangular 
foras  of  "discharge/fcrsa  #».  An  exasple  is  given  in  Fig.  13.  The  basic 
idea  of  this  aethod  consists  m  the  supplementary  distortion  of  the 
clcsed  orbit,  controlled  by  feedback  signal  in  such  a  way  that  the 
closed  orbit  is  displaced  tc  tte  target  for  the  purpose  of  a 
reduction  in  the  intensity  of  rotating  beaa.  Cue  to  the  difficulties, 
connected  with  the  tiae  ccnstant  cf  systea  and  the  amplification 
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within  the  feedback,  is  caguirea  several  dozen  cycles  of 
acceleration,  until  the  fern  cr  Hd jscharge/txea k"  is  sanaged  in 
accordance  with  the  fora,  prcgraxaed  by  operator. 

The  history  of  the  slowly  extracted  electron  beans  in  DEZI  is 
toe  vast  sc  that  it  is  is  detail  to  discuss  it  here. 

At  first  the  effectiveness  cf  conclusicn/cutput  and  the  vertical 
enittance  of  the  concluctd  tcaas  were  worse  tfcar  expected.  Reasons 
consisted  in  the  resonances  of  highest  coders  which  passed  within  the 
tine  of  ccnclusion/output.  After  as  a  result  cf  ccnplicated 
seasurenents  and  calculations  cl  these  reasons  explained,  the  nethod 
cf  conclusion/output  at  present  is  nodified.  It  is  proposed  to  change 
working  point  in  and  for  the  acceleratcr  to  utilize  a  diagraa 
with  the  septun  and  with  the  guadrupole  and  sextupole  nagnets  instead 
cf  cne  current  screen.  In  the  preliminary  tests  the  effectiveness  was 
raised  to  nore  than  80c/o,  and  eiittance  also  corresponds  to 
calculations.  Moreover,  it  turned  cut  that  a  acdificaticn  of  this 
diagran  can  be  also  utilized  for  the  single-thread  conclusion/output. 

Plans/layouts  for  near  future.  For  the  synchrotron  by  new  nsers 
are  3  GeV  er-e  the  rings,  in  addition  tc  experiments  in  high-energy 
physics,  conducted  in  the  large  experiaental  halls.  Mainly,  in  order 
to  obtain  the  necessary  positrons,  but  also  fen  achievement  of  the 
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higher  intensity  cf  electrons  was  established/installed  new  linear 
accelarator-in.’eoror  cn  400  which  thus  fax  is  located  in  the 

stage  of  tests,  but  it  will  he  t mashed/ prepared  for  the  work  in  the 
following  year.  Pig.  14  depicts  tnis  sectional  accelerator  ir  the 
tunnel.  Table  2  depicts  the  comparison  of  designed  and  preliainary 
data  of  the  tests  of  the  linear  accelerator  II.  The  obtained 
intensity  is  located  at  tne  level  cf  that  expected  cr  for  the 
positrons  even  considerably  above.  Besides  scie  equipment  problems, 
will  be  required  for  a  while  fer  an  iapreveaent  in  the  stability; 
however,  in  the  principle  new  linear  accelerator  is  already  alaost 
ready  for  the  operatic r.  Per  the  investigations  cn  the  accelerators  a 
new  linear  accelerator  can  be  disc  utilised  for  the  straight/direct 
injection  into  the  rings.  Por  this  use/applicaticn  the  energy  of 
electrons  can  be  increased. 

As  has  already  been  mentioned,  this  accelerator  will  not  only  in 
addition  to  electrons  generate  positrons,  but  it  will  also  sake 
possible  tc  obtain  the  higher  intensities  than  attained  ones  with  the 
work  of  synchrotron  with  the  linear  accelerator  Nc-  1.  This  occurs  on 
three  reasons:  1)  new  linear  accelarator  with  the  system  of 
preliminary  buneber  at  the  rreguency  cf  500  REz  will  give 
approximately  two  times  cf  acre  than  electrons;  2)  energy  composes 
400  instead  of  40  tie v,  which  indicates  field  at  the  moment  of 
injection  of  approximately  400  G  instead  of  4C  G  with  only  tbe 
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quadruple  corrections  ct  the  field  of  injection;  3)  with  400  G  v  at 
the  aoeent  of  injecticc  approximately  S  tiaes  higher.  It  indicates  a 
larger  increase  in  energy  tc  the  revolution  and  the  respectively 
saaller  problems  of  beae  lead,  since  the  created  by  oscillator 
high-frequency  field  ir  the  rssenators  is  above. 

Proa  one  side,  higher  intensity  is  unconditionally  very 
desirable  or  for  the  best  use  of  the  available  booster  duration, 
since  for  an  ieproveeert  an  the  statistics  cf  expedients  in 
high-energy  physics.  On  the  ether  hand,  for  aany  expedients,  in 
particular  for  the  expedients  with  the  count,  high  intensity,  in  the 
principle  desirable,  generally  speaking  it  is  pxcblenatic  -  it  is 
possible  to  reaesber  difficulty  with  the  prctleas  of  background  and 
the  randoa  coincidences.  The  probable  coebat  leans  with  these 
difficulties  are  iapre veaents  m  the  net  hods  cf  extraction. 

Purtheraore,  will  he  changed  nagnet  power  supply,  in  order  to 
obtain  the  "flat/plane  apex/vertex*  of  the  current  cf  nagnet,  either 
by  the  aethod  of  adding  the  fourth  haraocic  cf  the  frequency  of  SO  Hz 
or  by  the  aethod  of  feed  to  the  circuit  cf  the  half-period  of 
sinusoid. 
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Characteristic*  (2)*  Designed.  (3).  Guaranteed.  (9). 

(5).  Unit  neeeureaunt.  (6).  Energy  with  zero  current.  (7). 
Energy  with  current  0.32a.  (9)  .  Energy  uith  zero  current  cn 
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positron  envelops.  (10).  Energy  with  current  0.32  and  on  positron 
envelope.  Power  with  0.32a  on  the  positron  envelope.  (11).  MV.  (12). 
Energy  of  positrons.  (13).  Pcsitxcn  output  current  cf  linear 
accelerator.  (14).  Electzcnic  current  with  energy  dissipation  within 
liaits  of  *”1 2o/o  and  eaittance  1  a  see  urad.  (15).  eA.  (16). 

Positron  current  with  scatter  of  energies  within  liaits  of  *~12o/o 
and  eaittance  2  a  see  arad. 

Page  46. 

Instead  of  the  available  tine  of  the  conclusicn/output  0.9  ps  of 
energy  range  *-0.250/0  about  the  aaxiaua  energy  these  aethods  will 
ensure  the  tiae  of  cone lcsica/ott put,  egual  tc  2-4  as.  which  aeans 
that  the  porosity  for  the  experrsents  will  he  iaproved  approxiaately 
4  tines,  since  repetition  frequency  will  reaain  as  before  <5C 
iap./s) .  Pig.  15  and  16  give  the  appropriate  feras  cf  the  current  of 
sagnet.  Pig.  17  depicts  the  current  of  nagnet  and  the  intensity  of 
the  of  circulating  beaa  curing  pxeiininaiy  tests  with  the  energy  1 
GeV  which  were  carried  cut  becatse  it  was  net  ccnfidence  in  the 
synaetry  of  aagnetic  circuit  and  corresponding 

three-diaensional/space  sysnetry  cf  nagnctic  field  at  frequencies, 
different  froa  50  Hz  (estalaaced  peraittance  currents  to  the  earth, 
traveling  waves).  Mew  systea  eacca passes  the  source  cf  power  supply 
200  Hz,  developed  together  with  the  groups  cf  synchrctrcn,  energy  and 
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cooling  systeas  os  0221,  and  it  mil  be  conpleted  toward  the  and  of 
1971.  As  has  already  tcc c  aemcoed,  for  the  work  is  the 
aode/conditions  of  flat/plane  apex/ vertex  with  the  energies  of  sore 
than  6  Ge 7  it  is  necessary  tc  provide  daapiog  aagnet,  and 
unconditionally,  is  recaired  a  suppleaentarj  increase  in  the 
average/aean  power  of  fcigA-rreguency  oscillator,  in  order  to 
coapensate  losses  to  the  synchrotron  radiation  in  the  tiae  of 
flat/plane  apex/vertex. 

In  conclusion  it  would  like  to  aention  about  the  problea  of 
instability  in  ccnnecticr  with  the  enhanced  intensity.  iithout  going 
into  particulars,  it  is  possible  tc  say  that  not  cnly  on  OBZI,  but 
also  on  other  electron  accelerators  the  instability  of  the 
circulating  beaa  appears  already  at  average/aear  intensities  6-12  aA 
(average/aean  current  16  aA  for  this  accelerator  corresponds  5x10 12 
particles/s) . 
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Fig.  IS.  Plat/plana  apcx/vactax  ia  currant  of  aagnat  with 
strass/woltagn  SO  Hz  (IOOo/oj  and  stress/voltage  200  uz  (8. 45o/o) 

Ray:  (1)  .  as. 

Fig.  16.  Flat/plana  ap«i/vartax  kith  additional 
iapulsa/aoaantua/palaa  ia  th«  icra  of  half  sirusoid. 


Fig.  17.  Currant  of  flat-topFed  sagnet  and  intensity  of  baaa  daring 
th«  preliminary  tasts  cn  low  energy  (-1  GaV) . 


Page  47. 

At  such  relatively  leu  intensities  in  the  cbaeber/caaera  still 
sufficient  rooa,  so  that  upon  tie  accalaraticn  do  not  appear  losses. 
Rovever,  control  of  coccJusicn  scaatisas  baccias  difficult.  Both  on 
CE2I  and  in  other  centers  are  advanced  aany  theories;  heuever,  there 
is  no  final  eiplanation  as  yet.  Evidently,  soie  phenoaena  are 
analogous  by  certain  of  the  numerous  instabilities  uith  which  it  is 
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necessary  to  fight  on  the  rings.  Preliminary  tests  on  this 
synchrotron  with  the  use  cr  a  nee  linear  in jectcr-accelerator.  during 
which  to  the  brief  tiae  intervals  reached  the  intensities  of  the 
circulating  beaa  cf  sere  than  50  eA  (that  approaches  2xi0‘s 
particles/s) ,  they  eaphasized  tic  need  fer  further  studies  since 
under  these  conditions  cf  instability  they  led  tc  the  losses  cf 
intensity  during  the  acceleration  even  in  the  case  when  into  the 
accelerator  was  not  introduced  any  experiaental  target.  Thus,  besides 
the  theoretical  work,  ccntinua  prograas  cn  the  creaticn  of  the  aore 
advanced  aeasuring  and  research  devices,  cccccal  as  the  senscr  of  the 
dynaaic  prof ile/airf cil  cf  beaa.  sensors  of  the  group  and 
high-frequency  phases:  the  acre  advanced  data  processors  for  exaaple. 
by  the  controlling  cce peter;  instruaent  for  the  load  of 
high-frequency  resonatcra  with  high  Q  for  purposes  cf  investigations: 
high-frequency  quadrupcles  and  additional  high-frequency  resenators 
for  the  independent  charge  in  the  frequency  with  the  decoupling  of 
the  frequencies  of  beat,  instruicat  for  the  detection  of  the  highest 
high-frequency  vibration  nodes,  wnich  affect  the  beaa  and.  etc. 

It  is  obvious,  there  is  nc  liait  tc  works  even  on  the  already 
existinq  and  regularly  vesting  acceleratcr.  if  it  is  necessary  tc 
constantly  iaprove  it  ic  accordance  with  the  increasing  requireaents 
cf  the  groups  of  experitental  high-energy  physics,  and  since  the 
phenoaena  becoae  ever  tcre  ccaplicated.  the  necessity  for  the 
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collaboration  between  the  laboratories,  which  work  in  this  region, 
steps  of  ewer  of  acre  obvious. 

Discussion* 

V.  I.  Kovalenko,  that  teaas  at  present  are  derived/concluded 
frea  0EZ1  and  what  are  planned/ glided? 

G.  Kuapfert.  In  the  report  is  given  the  general/ccaacn/total  lean 
allocation  and  changes  which  it  is  proposed  tc  sake.  Are 
derived/concluded  3  electron  teaas  and  one  pheten.  It  is  proposed  to 
derive/ccnclude  additionally  positrons  and  polarized  particles. 

V.  L.  Serov.  Hhat  aethccs  of  fight  with  the  teas  load? 

G.  Kuapfert.  Synchrotron  operates  at  a  frequency  of  3  GHz,  and 
prebuncher  at  the  freqcescy  of  ISO  HBz.  se  attain  precise  phase 
relationship.  Furtheracrc,  is  applied  a  variation  in  the  frequency 
upon  the  injection.  The  central  frequency  of  resonator  can  be 
reconstructed  on  40  kHz,  which  constitutes  10 frea  the  frequency, 
which  is  utilized  in  benchers.  Also  this  is  utilized  the  shunting  of 
resonators.  The  unloaded  rescaatcr  has  quality  on  the  order  of  8000C, 
with  the  external  shunting  the  guality  decreases  5  tines. 
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7.  g.  Rogozinskiy.  aas  conducted  the  war*- up  c£  vacuus  chaaber  in 
obtaining  of  vacuua  cf  torus. 

G.  Kuanfert.  Chaaber /cetera  was  tade  fro*  aetallized  aluainaceous 
ceramics.  This  aaterial  can  be  used  for  the  wara-up.  Generally 
wara-ap  is  not  necessary,  'without  the  wara-up  is  obtained  the  vacuua 
fi«  1  torus. 

G.  v.  Badalyan.  In  what  did  consist  the  alteration  of  the  systea  of 
the  conclusion/output  ct  electrons? 

G.  Xuapfert.  They  iaprcved  the  agrceaent  envelope  of  particles  with 
extraction  channel  during  the  rescnance  ccnclusicn/cutput. 

9.  Increase  in  the  intecsity  of  proton  synchrotron  by  the  energy  70 
GZS  by  neans  of  an  increase  in  the  energy  of  injection. 

1u.  n.  Ado,  7.  I.  Balbekcv,  A.  a.  Vasil' yev,  F.  A.  Vodop'yancv,  7.  A. 
Glukhikh,  A.  A.  Zhuravlev,  v.  B.  Zalnanzcn,  Ye.  G.  Kcaar,  A.  A. 
Kuz'ain,  7.  N.  Lebedev,  A.  L.  Bints,  K.  A.  Bcnoszon,  B.  P.  Burin,  B. 

A.  Byae,  A.  A.  lfauacv,  7.  ke.  Pisarevsky,  A.  7.  Fopkovich,  A.  B. 
Stolov,  7.  A.  Titus,  B.  R.  Sheafccl',  P.  Z.  Shiryaev,  I.  A.  Shukeylc. 

(Institute  of  physics  cf  high  energies,  scientific  research  institute 
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cf  electrophysical  equipment  oy  then.  D.  V.  Efreaov,  radio 
engineering  institute  cf  the  A3  CSSR). 

In  the  present  repcit  are  given  the  results  cf  studying  the 
problee  of  a  sharp  increase  in  the  intensity  cf  protcn  synchrotron 
IFVE  [1].  Are  exaained  criy  the  fasic  aspects  of  reconstructions, 
which  are  specific  in  the  dragraa  cf  an  increase  in  the  energy  of 
injection  accepted.  In  acre  derail  about  the  separate  systeas  and  the 
assenblies  of  new  coaplex  it  will  te  reported  in  special  reports 
C 2-4  ]. 


The  proposed  project  is  designed  for  ottaining  5 • 1 0 4  3  proton 
cycle,  which  corresponds  to  the  average/eean  currant 
approxiaately/exeaplarily  1*10 14  ox  prot/s.  These  parameters  were 
selected  on  the  basis  cl  the  following  considerations:  1)  project 
■ust  net  provide  for  a  considerable  change  in  the  basic  asseablies 
and  systen  of  biological  accelerator  shielding;  2)  the 
sizes/diaensiens  of  the  accelerated  beam  aust  net  differ 
significantly  froa  these  existing;  3)  accelerator  shutdown  aust  not 
exceed  several  aenths. 

Froa  the  point  of  wiew  cf  the  permissible  cculoab  shift/shear  of 
betatron  frequencies  the  energy  cf  injection  into  aain  accelerator 
aust  be  not  less  than  1  Gev  (Fig.  1) ,  but  for  weakening  of  the  effect 
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cf  anharaonic  resonances  it  is  expedient  to  raise  it  to  1.5  Gev. 

Cage  48. 

Here  examined  the  injectors  cf  three  types:  1)  rapid  tocster#  i.e., 
the  synchrotron  cf  a  stall  radicn#  which  works  with  the  high 
repetition  frequency  and  imprisoning  main  accelerator  during  their 
several  cycles.  The  diagraas  cf  the  work  of  this  injector  it  is  shown 
In  Fig.  2;  2)  slew  booster#  i.e.#  synchrotron  with  cne  or  several 
■agnetic  paths/tracks  and  total  length  and  repetition  frequency  by 
the  same  as  in  aain  accelerator;  3)  linear  accelerator. 

As  a  result  of  the  analysis  cf  versions  the  preference  was 
returned  to  the  rapid  tccstar#  aajcr  advantages  of  which  are 
relatively  small  sizes/ciaensicss#  considerable  experience  of 
construction  if  not  by  complex  as  a  whole#  then  all  its 
composite/coe pound  ccmpcsent  parts;  the  absence  of  the  parts#  which 
require  the  uneastered  technical  solutions  and  the  new  Materials.  All 
this  aakes  it  possible  tc  hope  for  the  lininaa  periods  of 
construction,  adjustiert  and  starting/laurchirg  of  new  injector.  On 
the  other  hand#  slow  bccster  for  the  accelerator  IP VE  would  have 
unacceptably  large  slzes/diiensicns  or  large  coster  small  rapids#  and 
the  construction  of  lireac  accelerator  tc  the  energy  1.5  GeV  is 
knowingly  most  dear  and  very  coxplicatedly. 
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A  aain  deficiency /lack  in  the  rapid  booster  -  the  relatively 
long  tiae  of  injection  ictc  aain  accelerator  -  in  our  case  dees  not 
have  special  iaportance,  since  without  the  basic  alteration  of  the 
power-supply  systea  anc  basic  aagnet  windings  the  duration  of  cycle 
cannot  be  aade  less  than  S  s  and  its  increase  still 
approxiaately/exeaplarily  on  1  s  will  lead  tc  a  reduction  in  the 
average/aean  beaa  current  in  all  tc  20o/o.  The  difficulties, 
connected  with  the  prclcnged  circulation  cf  beaa  in  the  stationary 
injection  field,  alsc  arc  not  insurnountable  cnes. 

Are  given  below  the  basic  paxaseters  of  the  new  coaplex  cf 
injection  and  the  discussion  cf  the  selection  of  aost  iaportant  ones 
cf  thea: 

intensity  in  the  iapulse/acaeatua/pulse  ...  1.7*10»*. 

Fepetition  frequency  of  the  cycles  ...  25  Bz. 

Nuaber  of  iapulses/aoaenta/pulses  cf  injecticn  into  aain  accelerator 
...  30. 

Full/total/coaplete  tiie  of  injection  into  aain  accelerator  ... 
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1.2  S. 

Energy  of  the  protons  ...  J.7.5-15C0  Rev. 

Crbit  clrcaif erence  ...  98.16  s. 

Eadius  of  curvature  ...  7.67 

Magnetic  field  on  the  axis  ...  1.11-9.55  kOe . 

Sizes/dimensions  of  chaafcer/caaeca  ...  16x7.4  ca*. 

Frequencies  of  the  betatron 

on  a  radius  ...  3.26. 

on  the  vertical  line  ...  J.ifl. 

Critical  energy  (kinetic)  ...  1686  Re 7. 

frequency  of  revolutioo  ...  C.63-2.J9  hhz . 

Multiplicity  of  radio- frequency  ...  1. 
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Kaxiaua  accelerating  voltage  ...  65  k?. 

The  natural  tendency  tc  take  a  booster  pcssibly  shorter  runs, 
besides  the  liaitations  Area  the  side  of  aagnetic  field,  into  the 
difficulties,  connected  \i ca  the  accuaulaticn  cf  a  large  nuaber  of 
particles  on  the  short  path/track.  Furtheracre.  for  convenience  in 
the  synchronization  of  tcoster  with  aain  accelerator  is  required  the 
approxiaately/exaaplarily  shert  relation  of  their  lengths.  Based  on 
this  the  length  of  bccster  it  was  selected  equal  to  99.  16  a.  which 
composes  1/15  lengths  ct  basic  tachine.  iith  the  aultiplieity  of 
radio>frequencies  with  respect  1  acd  30  each  duster,  accelerated  in 
the  booster,  occupies  cne  sepaxatxix  of  aain  accelerator  for  filling 
of  which  are  required,  thus.  30  cycles  of  injection. 
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Pig.  1.  Pig.  2. 

Pig.  1.  Haxiaue  number  cf  acceiczated  particles  Cor  accelerator  IPVE 
depending  cn  energy  cf  injection. 

Key:  (1).  GeV. 

Pig.  2.  Diagraa  of  week  cf  rapid  bcoster-in jectcr.  Above  -  tbe  cycle 
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cf  aain  accelerator;  bclcu  -  the  diagraa  of  the  verb  cf  booster. 

Key:  (1).  The  aagneti c  field  of  sain  accelerator.  (2).  clusters.  (3), 
Injection  into  sain  accelerator.  (4).  Tiee.  (5).  Magnetic  field  of 
booster*  (6).  injecticc  intc  bccstsr. 

Cage  49. 

The  clnstar  whose  firstly  initial  length  close  to  100  a*  toward  the 
end  of  the  acceleratict  an  the  tccster  reaches  *25  a  and  easilty 
placed  in  the  separatrix  ot  a arc  accelerator. 

with  this  aethod  cf  injection  in  each  cycle  of  the  booster  it  is 
■ust  be  accelerated  1.1 <10**  cx  particles.  Transition  to  the  higher 
aultiplicity  of  radio- frequency  eculd  regnire  a  proportional  increase 
in  this  nuaber  and,  we  conceal  that,  increases  in  the  aaplitode  cf 
accelerating  voltage. 

The  frequency  of  sc  petition  cf  the  cycles  cf  bocster  is  selected 
as  being  equal  to  25  8z,  and  its  increase  iapede  the  difficulties, 
connected  aainly  with  the  explication  of  the  accelerating  systee. 
Consequently,  30 — fold  injection  into  the  basic  aachine  will  last  by 
1.2  s,  which,  as  already  sectioned,  coeprises  less  than  20o/c  tiae  of 
coaplete  cycle.  Accelexating  voltage  in  the  bcceter  will  be  scdulated 


DOC  *  80069204 


EJCE 


in  the  amplitude  foe  acbieveeent  of  the  greatest  capture  and 
regulating  of  the  length  of  clusters  upon  the  injection  into  eain 
accelerator. 

Froa  the  consideraticns  cf  the  permissible  Coaloah  shift/sheer 
of  betatron  frequencies  the  energy  of  injection  into  booster  can  not 
exceed  30  tieV.  its  considerable  increase  is  inexpedient,  since  due  to 
an  increase  in  the  particle  speed  for  the  accunulaticn  of  the  saae 
charge  will  be  required  larger  speed  upon  the  injection.  Se  consider 
it  unfavorable  for  these  reaaens  tc  utilize  as  the  injector  the 
existing  linear  accelerator  tc  tie  energy  100  neV  5.  One  should  also 
consider  that  its  convcrsrcn  fer  the  work  with  the  frequency  cf  25  Hz 
requires  the  considerable  expenditures  of  tise  and  resource,  and 
together  with  the  the  edjustsent  cl  booster  this  will  lead  to  the 
prclonged  cessation  cf  sain  accelerator.  It  is  assueed  that  the 
existing  injector  can  be  preserved  in  the  present  fers  as  the 
stand-by  and  for  the  expcriients,  thich  do  cot  require  high 
intensity. 

Since  the  necessary  parameters  of  inject cr  for  the  booster  do 
not  exceed  the  possibilities  cf  tbe  existing  linear  accelerators  of 
Alvarez's  type,  for  the  purpesa  cf  tbe  sawings  cf  tise  and  resources 
it  was  decided  for  the  bears  during  the  design  to  take  the  first 
section  of  the  existing  injector,  having  exit  energy  37.5  B«v.  iith 
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the  current  100  ai  and  the  ccetiicient  of  capture  *2/3  for  the 
accuaulaticn  in  the  booster  1.7«1C*2  of  protons  will  he  required  by 
3-4  -reverse/circular  injection  which  will  ta  accoaplished/realized 
with  the  aid  of  the  aagsatic  inflactor  and  systea  of  the  kickers, 
which  create  the  local  c intentions  cf  the  closed  orbit,  the 
accuaulaticn  of  particles  is  intended  to  produce  in  the  radial  phase 
space.  The  calculations,  carried  out  taking  into  account  the  effect 
cf  space  charge,  show  that  attar  injecticn  the  effective  radial 
eaittance  of  beaa  will  cot  exceed  44  ca.  arad.  This  corresponds  to 
eaittaca  of  0.17  ca.  arad  with  tie  energy  7C  Gev  and  conditicz  of  the 
adiabatic  fading  of  eaittance  upon  the  acceleration. 

The  aagnet  of  booster  consists  of  16  periods;  the  diagraa  of 
period  is  shown  in  Fig.  2.  lhe  selection  of  structure  PCFDCD  is 
caused  by  the  presence  of  the  relatively  long  gaps/intervals, 
necessary  for  positicnirs/arraaging  the  accelerating 
devices/eguipaent,  systeas  water  also  of  the  ccnclusion/output  of 
protons  and  corrective  eleaents/cells.  The  paraaeters  were  selected 
in  such  a  way  that  the  critical  energy  of  booster  would  be  ateve 
coainal.  Bare  considered  also  the  reguireaents,  which  escape/ensue 
froa  the  special  featozes/peculienties  of  the  systea  of  ainqle~turn 
beaa  attraction  which  will  ba  accoaplished/raalized  with  the  aid  of 
tha  f ull-apartur •  kickera. 
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The  tilling  aechanisa  o i  booster  and  nain  accelerator  eust  solve 
three  problems:  a)  the  deter ainaticn  of  the  ecaent/torque  of  the 
conforeit7  of  particle  icaentua  tc  the  level  cf  eagnetic  field  in 
■ain  accelerator;  b)  the  determination  of  the  aoaent/torque  of 
agreeing  the  position  cf  cluster  eith  the  phase  HF  cf  the  field  of 
aain  accelerator;  c)  the  selection  of  free  separatrix.  The  first  tec 
problass  are  solved  by  the  ccaparison  of  frequencies  and  phases  of 
stresses/voltages  in  tie  oocstec  and  aain  accelerator.  For  agreeing 
the  phases  is  necessary  the  "slippage1*  of  frequencies  -  for  this 
purpose  the  length  of  tccster  tc  0.2  exceeds  1.15  part  of  the  length 
cf  aain  accelerator.  Per  the  solution  of  the  third  problee  the  signal 
froe  the  team  is  coaparcc  with  the  iapulse/sceentua/pulse*  "cabled" 
to  the  phase  of  accelerating  field. 

At  the  designed  intensity  the  effects  cf  space  charge  in  the 
booster  -  into  that  nusber  ccherent  -  are  insignificant.  On  the 
contrary*  the  Couloab  sbirt/shear  cf  betatren  frequencies  in  eain 
accelerator  is  sufficiently  greet*  and*  probably*  will  be  required 
the  correction  of  frequencies  fer  the  purpose  cf  the  optimization  of 
the  position  of  operating  pciat  vith  raspect  to  the  bands  of  eost 
dangerous  resonances.  Frca  ether  expected  effects  in  aain  accelerator 
by  eost  essential  ones  is  represented  the  distortion  of  longitudinal 
phase  voluee  near  the  critical  energy  and  wall  instability  due  to  the 
final  conductivity  of  the  aateriel  of  chaaber/caeera. 
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Por  the  iatreduct icn/xnput  cf  protons  into  aain  accelerator  it 
is  aost  convenient  to  ctilixe  the  existing  place  for  injectica.  In 
this  region  there  is  a  ccrresf crdxtg  free  space  fcr  constructing 
necessarily  the  ccnstrccticn  ccsplex.  in  this  case  will  not  te 
necessary  to  produce  tie  cnaages  in  the  arrange  sent  of  aagnet  blocks 
cf  sain  accelerator.  Is  retained  also  the  possibility  of  rapid 
transition  not  injection  free  ICC  aev  of  linear  accelerator. 

Radiation  problen  is  one  of  the  aost  essential  ones  in  this 
project.  Calculations  anc  week  experience  of  accelerator  show  that 
peraissible  is  scatter  c i  prot/cycle.  This  will  not  require 

the  aaplif ication  of  the  systea  cf  biological  prctection  as  a  whole, 
with  exception  of  separate  places.  On  the  other  hand,  this  aeans  that 
the  effectiveness  of  ccrclusics/cutput  ■ rst  be  net  worse  than  95o/o 
at  the  aaxiaue  intensity.  This  and  even  better  ef fectiveness  at 
present  is  considered  aa  seal  even  for  slow  ccnclusicn/ontput  [6]. 
Ground  relaying  strictly  cf  booster  aust  have  a  thickness  of  7  a. 

The  arrangeaent/pcslticn  cf  the  new  coeplex  of  injection  in  the 
locality  is  shown  in  Pig.  4. 
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Pig.  4.  Plan/layout  of  arrangement  of  nee  cceplex  of  injection.  1  - 
ring  of  booster;  2  -  icjcctcx;  5  -  laboratory  bousing;  4  -  aain 
accelerator;  5  -  existing  injector. 
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Discussion. 

Kh.  reich,  what  assuipticns  are  laid  into  the  calculation  of 
intensity? 


E.  A.  Hyae.  Calculation  was  perferaed  through  the  diagraa  of  Lasslet 
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taking  into  account  the  vail  erfect  of  chaafcer/caaera  and  aagnet 
poles. 

Ye.  S.  Mironov,  which  existing  siza/diaensicn  of  teas  at  the  end  of 
the  acceleration  and  wtat  it  till  Is  after  reconstruction? 

E.  A.  fiyae.  Hon  the  eiittance  of  bean  at  the  entrance  0.17  ca.  arad. 

10.  Latter/last  inproveaents  cn  the  linear  accelerator  with  the  large 
eperating  cycle  V  Saclay. 

F.  Setter. 

(Saclay,  Prance)  . 

The  characteristics  and  the  operaticnal  paraaeters  of  electronic 
linear  accelerator  with  the  large  eperating  cycle  in  Saclay  are 
described  in  the  series/ row  cl  article  [  1-4].  Target  of  present 
report  -  to  give  the  survay/ccvcxage  of  the  ccnteapcrary  state  of 
works.  Soaewhat  larger  attention  are  given  tc  cbtaining  the  beans  of 
positrons  and  low-energetic/low-energy  pions.  Beport  suaaarizes  the 
work  of  the  nuaeroos  personnel  cf  the  groups  cf  linear  accelerator 
and  nuclear  physics. 
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During  1969  the  linear  accelerator  was  used  aainly  for  the  tests 
and  the  adjustment  of  the  first  physical  experiments.  Pros  January  on 
to  August  of  1970  of  2C0G  hour  cf  work  of  the  accelerator  were 
isolated  about  1C00  hours  cf  useful  cluster  tine  for  experiaents  in 
physics  of  series/row  and  eleaentary  particles*  The  ethers  5Cc/o  tiae 
fall  for  the  maintenance,  the  lalfuncticrs  cf  accelerator,  the 
adjustaent  of  the  bean  cf  accelerator  and  to  experiaents  in  physics 
cf  accelerators.  Helatively  rare  represectaticn  of  lean 
experimentally  in  nuclear  physics  is  conrected  in  essence  with  the 
difficulties  cf  obtaining  the  positron  bean.  Sith  the  work  with  the 
electron  bean  on  physical  experiaents  usually  fall  nore  than  65o/o 
operating  tiae. 

At  present  experience  of  operating  klystrons  and  high-vacuua 
lanps  is  still  too  saall  m  order  to  accurately  predict  the  Bean  life 
cf  laaps.  Certainly,  it  is  difficult  to  collect  statistics  on  the 
systea  of  15  clystrons  and  30  high-vacuua  laaps.  Furtheraore,  in  the 
nuaerous  experiaents  where  in  reguired  energy  200,  300  or  40C  He  V, 
latter/last  klystrons  dc  not  work.  Therefore  cnly  3  clystrons  studied 
nore  than  4000  hours  with  high  vcltage,  of  then  3  klystrons  -  are 
aore  than  4500  hour,  iithin  this  tiae  was  spoiled  only  one  klystron 
(due  to  a  breakage  in  the  window).  Furtheracrc,  two  klystrons  in  the 
beginning  of  operation  detected  ancaalous  properties  that  it  does  not 
affect  statistics  froa  tiae  to  tiae  of  life,  itcut  20  high-vacuua 
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tubes  studied  more  than  f 000  he  ct  in  the  heated  state.  Of  all  30 
laeps  they  were  spoiled  by  2. 

Page  51. 

At  the  present  tits  are  already  carried  cut  cr  are  conducted  the 
following  experiments:  1)  electronic  scattering  (e,  e*),  with 
coincidences  (  e ,  e'p  )  cr  without  the  ccincidences  cn  the  setting  up 
"floundabout"  [3],  2)  ptctcnuclear  reactions  (in  essence  o**  (T,  p) 
the  formation  of  plans  cr  a  saall  power  level,  4)  "neutrino" 
experiments  in  checking  cf  the  Jaw  of  conservation  cf  the  lepton 
nuaber  (preliminary  investigation). 

In  their  present  state  these  experiaents  require  only  feeble 
teams.  Por  example,  aaxiaua  a verage/aean  intensity  in  experiaents  in 
electronic  scattering  was  40  pA  (current  in  the 

iapulse/acaentua/pulse  *C  aA).  Zherefore  it  was  not  the  case  test  cn 

the  electronic  scattering  it  was  40  p A  (currant  in  the 

iapulse/aoaentua/pulse  40  aA).  Zherefore  it  was- not „ the  case  test 

0 

linear  accelerator  at  the  avecagc/sean  power  in  the  bean  of  above  100 
kH,  obtained  in  1968.  Eut  during  October  of  this  year  will  be 
established/installed  the  target  cf  high  power  for  the  year  will  be 
established/installed  the  target  cf  high  power  for  obtaining  the 
pions,  and  for  the  subsequent  souths  is  plannsd/glided  work  at  the 
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average/mean  power  in  the  beaa  at  the  level  ICO  kB  cr  above. 

Contemporary  parameters.  Electron  team. 

Basic  parameter  of  accelerator  -  energy  resolution  of  electron 
beam.  In  order  tc  obtair  very  narrow  energy  spectrum  for  the  duration 
cf  the  entire  duration  ci  pulse  10  ms,  was  investigated  the  effect  of 
different  factors,  such  as  the  siocthness  of  the  top  cf  the 
impulses/momenta/pulses  cr  acdulator  (variation  2o/c)  or  very  small 
(2  kHz)  variations  in  the  pilot  frequency  cf  2999  N Hz.  In  present 
tiae  it  is  easy  to  obtain  the  spectra  with  ICCo/o  of  intensity  in 
energy  bite  by  width  C.5c/c  and  6Co/o  intensity  -  in  energy  bite  cf 
C. 3o/o  for  the  duraticz  cf  the  entire  duration  of  pulse  10  »s  at  the 
repetition  frequency  1CCC  Hz.  in  energy  bite  cf  0.15o/o  they  usually 
record  more  than  SOo/o  intensity  cf  beam. 

Is  obtained  alsc  tie  high  degree  of  reproducibility  for  many 
days  during  this  adjustment  cf  beam.  If  we  tore  linear  accelerator  by 
the  aethod  of  the  fine  adjustment  cf  the  values  of  the  stress/voltage 
of  high-voltage  sources,  phases  cf  high  frequency,  currents  cf  the 
corrective  and  focusing  coils  and  parameters  cf  the  beam-distribution 
system,  then  it  is  poecibie  to  immediately  obtain  bean  with  the 
prescribed/assigned  fundamental  characteristics. 
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The  stability  of  teas  with  the  continuous  operation  (24  hour  and 
■ore)  sufficiently  gccc,  but  for  the  experiierts  with  the  high  energy 
resolution  is  required  tc  siovlj  regulate  phase  of  one  of  the 
klystrons  or  pilot  frequency  in  order  to  ensure  permanent  intensity 
in  tha  narrow  analyzing  slot,  for  this  include  the  contcur/outline  of 
the  control  the  energies,  controlled  by  the  intensity  of  baas  which 
they  detect  by  the  ferrite  ring,  arranged/lccated  after  the  narrow 
analyzing  slot,  utilized  in  scattering  experiments  of  electrons.  As 
the  reference  signal  is  utilized  the  current,  detected  before  tha 
analysis  of  beam  by  another  ferrite  detector  (see  figure). 

Contour /out line  acccaplishes/realizes  automatic  phasing  of 
lattec/last  klystrons  (feeding  four  latter/last  section),  if  the 
detected  intensity  falls  oeiew  fixture  of  displaceaent.  However,  if 
linear  accelerator  is  veil  adjusted,  stability  itself  so  high  which 
for  obtaining  the  sufficiently  precise  systei  is  necessary  tc 
regulate  displaceaent  et  the  level,  very  close  tc  lOOo/o.  On  the 
other  hand,  if  linear  eccelcratci  is  adjusted  insufficiently  well, 
this  device/eguipsent  is  not  eguivalent  tc  the  fu 11/tctal/cciplete 
and  precise  autoaatlc  systea  of  tuning. 

further  bean  nonitcring  is  acconplisbed/realized  with  the  aid  of 
the  secondary  electronic  sensors*  scunted  in  the  different  places. 

Cne  ring  with  the  central  opening/apertuce  with  a  diaseter  of  5  ae  is 
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arranged/ located  on  the  end/lead  c£  the  latter/last  section  of  linear 
accelerator  and  it  is  vexy  secsrtiie  to  any  lalad justaent  of  the 
latter/last  corrective  cells  and  triplets  of  the  guadrupole  lenses, 
arranged/located  by  several  secticss  earlier.  Biniaization  of  current 
froa  this  secondary  electronic  circular  sensor  -  good  aethod  of 
obtaining  the  accuratelj  directed  ceaa.  ether  sensors  are  placed 
before  the  slct  are  ccrrected  hath  the  experiiental  physical 
eguipaent. 

High-frequency  rescratcrs  at  the  end/leac  of  each  secticn  also 
are  utilized  as  the  detectors  c t  beaa  which  dc  not  give  the  absolute 
value  of  intensity  but  they  sake  it  possible  to  accurately  deteraine 
the  shape  of  pulse  in  tte  tiae  fee  the  elongaticn/eztent  10  ps. 

Positron  bean. 

The  best  current  in  the  iapulse/aoaentua/palse,  obtained  at  the 
present  tiae  for  the  beaa  of  pcsitrons  with  the  energy  470  NeV  at  the 
end/lead  of  the  linear  accelerates,  was  36  M  the  inflow  of  electrons 
with  the  energy  approxiaately  8C  HeV  on  the  ccn version  target,  equal 
to  28  ai.  This  gives  conversion  factor  1.3*10~3.  In  energy  bite  of 
lo/c  it  is  recorded  by  7So/c  cf  current,  which  corresponds  tc  current 
in  the  iapulse/aonentaa/poise  27  pA.  Systeaatic  study  of  the  phase 
shift  between  the  positron  Lena  and  the  initial  electron  beaa  gives 
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indications  about  uhat  energy  gxcu[  of  pcsitzcns  selects/takas 
conversion  lens  in  the  first  accelerating  section  (section  7). 
Hagnetic  field  strength  in  the  conversion  lens  is  United  to 
insufficient  cooling. 


I 

> 
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Fig.  1.  Location  of  beans  and  kennel  of  the  fine  adjustment  cf 
energy. 


Key:  (1).  Pion  target.  (2).  Hayaet.  (3).  Ferrite  sensor  of  intensity. 
(4) .  Photonuclear  reacticns  "rourdabout"  fer  electronic  scattering. 
(6).  Bagnet.  (7).  Slot.  (8).  Signal.  (9).  Ferrite  sensor  of 
intensity.  (10).  Reference  signal.  (11).  switching  aagnet.  (12). 
Control  of  energy. 

Page  si.  ' 


Hew  cooling  systea,  which  antes  it  possible  tc  obtain  the  field  of 
1.8  T  (18  kOe) .  it  can  is  future  ersure  higher  coefficient  of 
conwecsion. 
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Continuous  operation  on  me  high  power  level  necessary  fcr 
executing  the  prograa  cc  the  phctcrucleac  to  reactions,  is  partially 
liaitad  by  several  dif faculties : 

1)  the  source  of  liaitaticns  vas  the  instantaneous  beating  cf 
target.  Then  the  velocity  ct  rotating  target  tas  increased  frca  2  to 
3.7  revolutions  per  seccnd.  nevertheless  in  a  1C-  centiaeter 
elliptical  trajectory  cf  spot  fxca  the  beaa  beating  can  prove  to  be 
excessive  due  to  the  very  saall  ciaaeter  of  spot,  precisely,  0.5  ai; 
therefore  it  is  necessary  control  current  in  the  electronic  fccusing 
triplet  of  quadrupole  lenses  during  the  reduced  displacaaent  in  order 
to  obtain  spot  in  diaacter  apprcxiiately  1  m.  Certain  concern  caused 
also  the  inequality  of  the  peripheral  speed  cf  spot  at  the  ends/leads 
cf  the  great  and  ainoz  axes  of  ellipse.  There fere  into  the  aechanical 
transaission  systea  cf  icticc  were  recently  introduced  the 
corresponding  iapreveaents; 

2)  the  general/ccucn/tctal  heating  of  drift  tube  and  entrance 
into  aecticn  7  due  tc  the  develcpaent  of  clcudtursts  in  tungsten 
target  with  a  thickness  cf  vita  a  cf  3  aa  is  also  the  source  of 
different  disturbances/breakdowna,  daaage  of  vacuus,  etc.  In  this 
place  is  established/installed  rev  colliaatcr  with  a  good  coding. 
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If  during  the  shcrt-ters  tests  at  end/lead  of  the  Hear 
accelerator  was  obtained  the  average/aean  intensity  cf  positrons  0.2 
p&,  then  with  the  continuous  operation  results  were  limited  to  the 
values  of  the  average/iean  current  of  electrons  on  the  conversion 
target  froa  100  to  2C0  pi. 


The  typical  paraaeters  cf  pesatron  teas  at  of  long-tera  work  at 
the  large  power  are  given  in  the  table 


3mprM  no- 
airrpoHOB,  Mae 

(4) 

CpaflHMft  TOK  n03KTpOH0B 

B  3KCnepKMeMTaAbHOM 

3asi«  nocne  aHA/iHOa  Ha 
Ule/IM  C  lE/£*l%i  «a 

“01 

CoOTBOTCTBytO— 

uutft  cp.?aimft 

TOK  3/leKTpO'lOB 
Ha  KOHBepTOpHOfl 
MHUIOHH,  Mi;a 

40  70  88 

300  50  130 


Key:  (1).  Energy  of  positrons*  aeV.  (2).  Average/aean  current  of 
positrons  in  experimental  hall  after  analysis  cn  slot  with  AE/B*1c/o, 
on.  (3).  Corresponding  average/sean  current  cf  electrons  on 
conversion  of  target*  pi. 


The  decrease  of  intensity  for  the  bean  cf  positrons  with  the 
energy  300  He?  is  explained  by  the  increase  ci  eaittance. 


Op  to  now  the  best  achreveieat  in  continuous  operation  was 
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obtaining  useful  beaa  of  positrons  with  the  energy  fros  240  tc  280 
Rev  during  71  hours. 

The  great  lifetise  cr  target  on  the  high  power  level  (acre  than 
100  >jA  of  average/aean  electronic  current  on  the  target)  was  130 
hours.  However,  in  the  icture  are  expected  the  best  results. 
Furthermore,  is  studied  the  possibility  cf  the  full/tctal/coaplete 
reconstruction  of  the  sc  tree  of  positrons  with  the  creation  cf  new 
cooling  systea.  Is  investigated  also  the  possibility  of  the  setting 
up  of  this  source  between  sections  12  and  13  which  corresponds  to 
energy  of  electrons  at  tte  level  cf  apprexiaately  200  HeV. 

For  iaproveaent  anc  facilitating  the  control  of  positron  beaa  in 
drift  space  between  sections  12  and  13  is  established/installed  new 
eguipaent;  the  analyzirc  aagnet  with  the  arrarged/lccated  after  it 
faraday  cylinder  gives  the  possibility  to  investigate  pcsitren  beaa 
after  acceleration  six  by  sections.  In  recent  aeasureaents  with  the 
aid  of  this  new  equipaent  were  obtained  the  pcsitrons  with  the  energy 
approxiaately  110  HeV.  ire  estafelished/inst ailed  also  the  ferrite  and 
resonator  sensors,  which  earlier  utilized  only  for  the  seasuresents 
cf  large  cathode-ray  entrant  at  the  end  of  each  section.  The 
iaproveaent  of  electrcrics  aade  it  possible  tc  obtain  sufficiently 
high  sensitivity  in  erdez  tc  leescte  the  pcsitren  bean  with  current 
in  the  iapulse/aoaentci/pulse  1  pA. 
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Obtaining  pions. 

The  new  source  of  pious  began  to  work  during  January  1970.  tests 
they  are  carried  cut  crly  on  a  stall  power  level  of  heat  (current  in 
the  iapulse/aoaentua/pclse  100  pi  -  average/tean  current  1  jjA)  .  The 
targets  of  high  power  were  estallished/inst ailed  during  October  and 
tested  with  the  electrcr  beat  ct  tne  average/aean  intensity  cf  300  pA 
and  the  energy  377  He?. 

The  beaa~distributica  systca  electron  consists  of  one  triplet  of 
guadrupole  lenses,  which  focuses  beaa  to  the  target  which  is 
established/installed  at  a  distance  of  ISO  a  after  the  end/lead  of 
the  accelerator;  triplet  is  arrasged/located  in  the  aiddle.  Sore  than 
SOo/o  current  of  electzcss  with  tie  energy  40C  He?,  which  eacrge  fret 
latter/last  sections  cf  linear  accelerator,  it  was  possible  tc  focus 
cn  the  target  into  the  spot  2x5  ta.  Here  accurate  results  will  be 
obtained  on  the  higher  level  ct  current  in  the 
iapulse/aoaentua/pulse. 

Pions  are  collected  at  angle  cf  120°  in  the  linits  of  the  solid 


angle  of  16  a  sterad  with  aaxiaua  aoaentue  acceptance  dp/p*5c/o  in 
the  channel  of  length  8  ■  they  were  detected  the  picna  of  very  lew 
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energy  (20  MeV),  but  tbe  basic  range  of  the  utilized  energy 
corresponds  to  50  He?,  ihe  intensity  of  the  teaa  of  noons  alsc  has 
noticeable  value. 

Construction/desicn  is  bases  cn  the  preliainary  measure eents, 
which  giv9  intensity  1C*  picas  with  the  energy  50  dev  on  1  pA  of 
electronic  current  per  seconc  and  to  the  steradian  in  the  aoaentua 
range  Ap/p*1o/o. 

Heal  aeasureeents  ccnfnaed  tie  estiaated  value  (result  scaewhat 
above)  of  the  intensity  or  pious.  Are  obtained  also  very  satisfactory 
results  relative  to  the  polloticn/contaainaticn  of  picn  electron 
teas,  energy  spectrua  cf  picas  and  their  spatial  distribution. 

Bxperiaental  hall  is  sufficiently  great  in  order  tc  arrange  in 
it  two  and,  possibly,  even  three  systeas  of  the  transportation  of 
picns  and  auons.  Is  stcaied  the  possibility  of  the  setting  up  of 
second  channel,  intended  rcr  the  auons. 

For  an  increase  in  tne  convenience  in  the  operation  is  aade  the 
Su/ 

autoaatic  y\  systea  cf  low  spccc.  It  will  sake  it  possible  to 
alternately  guide  beaa  tc  the  picn  target  and  into  hall  No. 3,  where 
is  arranged/located  egeipaent  xcx  the  investigation  of  photocuclaar 
reactions  and  setting  up  "icuncatcut"  for  esperiaents  in  the 
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electronic  scattering  (see  figure). 
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Discussion. 


A.  A.  Vorob"yev.  How  dees  cnengc  conversion  factor  with  the  energy? 


F.  Netter.  Conversion  factor  is  proportional  to  energy  to  200  BeV. 


B.  n.  Voronkov.  Here  observed  the  daaages  of  radiation  character  in 
the  eguipeent? 


F.  Netter.  No  -  with  exception  cl  the  burn  cf  target  converter. 


11.  soee  guestions,  connected  with  the  acceleration  of  deuterons  on 
the  synchrophasotron  HE  the  J.l.H.B. 
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G.  S.  Kazanskiy,  A.  I.  eiithaylcv,  G.  P.  Euchkcv. 


(Unitad  institute  cf  nuclear  studies) . 


In  1968  in  high-energy  laboratory  ICYal  was  proposed  the  aethod 
cf  accelerating  cf  deoterons  and  a-particles  cn  the  synchrcphasctrcn 
the  J.I.H.8.  £1].  The  basic  idea  of  aetbcd  consisted  of  upon  transfer 
of  one  accelerating  systea  tc  another  (prein jactcr,  lines  - 
accelerator,  synchrophasotron)  velocity  cf  deuterons  and  a-particles 
it  would  be  two  tiaes  less  than  the  proton  velocity.  In  this  case  it 
is  represented  by  the  possible  to  utilize  the  existing  systeas,  if  we 
fulfill  following  condition;  1)  to  lower  stress/voltage  on  the 
preinjector  approxiaately  twc  tiaes;  2)  to  decrease  with  the  aid  cf 
the  special  caps/fillings  the  clearances  between  the  drift  tubes  of 
linear  accelerator  two  tiaes;  3}  to  decrease  the  stresses/voltages  on 
the  inflector  plates  two  tiaes;  4)  to  accelerate 

deuteron3  and  <£— particles  In  a  synchrophasotron  mode  in  two  stages 
The  present  study  examines  the  synchrophasotron  mode  of  accele¬ 
rating  deuterons  and  -particles.  I 

1,  "  Two-stage  acceleration  fo  deuterons  and  <£■  -particles  in  j 

the  synchrophesotron  mode. 

When  the  velocity  of  deuterons  and  <C  -particles  at  the  moment 
of  injection  is  reduced  by  half  in  comparison  with  the  velocity  of 
protons,  a  twofold  expansion  in  the  frequency  range  of  the  synchrophaso¬ 
tron  accelerating  system  is  required.  Since  the  master  oscillator  and 
the  output  stage  of  the  accelerating  station  they  do  not  provide  this 
range,  then  it  was  proposed  to  accomplish/realize  acceleration 
the  synchrophasotron  node/conditions  into  two  stages:  1  stage  - 
acceleration  in  the  mode/conditions  of  the  second  multiplicity^ in 
the  range  of  the  frequency  of  accelerating  voltage  (0.2-1.44)  MHz; 

II  stage  -  acceleration  in  the  node/conditions  of  the  first 
multiplicity  in  the  range  (0.72-1.44) 
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The  necessary  lav  cf  ccnnscticn/coaaunication  between  the 
frequency  cf  acceleratitg  vcltage  and  the  aagretic  intensity  is 
foraed/shaped  with  one  cf  the  available  asseitlies  cf  eguipaent  by 
specially  updated  for  accelerating  of  deutarcrs  and  a-particles. 

The  first  stage  of  acceleration  in  the  acde/conditions  cf  the 
second  aultiplicity  tarainates  in  the  aagnetic  field  1300  G,  when  the 
frequency  of  accelerating  vcltage  teaches  the  liiiting  value  cf  1.44 
hhz.  At  this  aoaent  it  ic  necessary  tc  carry  cut  transiticn  tc  the 
second  stage,  after  changing  the  accelerating  systea  by  the  first 
aultiplicity. 

In  the  presence  of  cne  accelerating  station  direct  transiticn 
from  one  aultiplicity  tc  another  as  iapoasiblc  due  to  the  unsteady 
prccesses  with  the  rearrangeaent •  Is  unsuitable  alsc  transiticn  frca 
one  aultiplicity  to  anctber  vrtfc  svitched-cf f ,  to  the  transit  tine, 
accelerating  voltage  ic  the  acae/ccnditicns  cf  growing  aagnetic 
field,  since  the  duraticc  of  unsteady  prccesses  with  the 
rearrangeaent  substantially  exceeds  the  lifetine  of  bean  in  the 
chanber/canera  (500  ps  after  the  disconnectics  of  accelerating 
voltage  bean,  filling  entire  aziauth  of  accelerator,  it  ia  displaced 
cn  a  radius  on  25  ca).  Best  suitable  is  transiticn  frca  one 
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aultiplicity  to  another  in  the  acde/conditicns  cf  nagnatostatic 
field.  In  this  case  considerably  descend  the  ceqaireaents  for  the 
duration  of  unsteady  processes  utt  read justuent  cf  the  accelerating 
systea. 

2.  Special  features/peculiarities  cf  transiticn  froa  the  first  stage 
cf  acceleration  on  the  second. 

As  the  basis  of  transition  fxca  cne  stage  of  acceleration  to 
another  is  assuaed  the  principle  of  repeated  capture  into  the 
acceleration  in  the  node/ condi cic ns  of  aagnetcstatic  field  [2]. 

After  tha  translaticn/ccn version  of  aagnctic  field  into  the 
aode/conditions  cf  "table1*  (aagnetic  field  is  constant)  concludes  1 
stage  of  acceleration  kith  tie  disconnection  cf  accelerating  voltage. 
As  a  result  of  the  energy  spread  the  bean,  which  consists  initially 
cf  two  clusters,  "being  eroded"  along  the  aziauth,  is  converted  in 
the  circular.  At  this  tiie  is  acccaplished/realized  the  rearrangeaent 
cf  the  law  of  connecticn/ccaaunication  tc  the  first  aultiplicity ,  and 
the  output  circuit  of  the  accelerating  systea  by  the  frequency  of  720 
kHz. 


After  this  rearrangeaent  is  accoaplished/realized  repented 
capture  in  the  acceleration  of  the  circular  heaa  by  a  reclosing  of 
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accelerating  voltage  with  the  subsequent  transiticn  free 
sagnetostatic  field  tc  gxcwirg  ar  a  accelerations  to  the  II  stage  cf 
op  to  the  laxinom  enerej. 

Cage  54, 

Although,  as  show  calculations,  into  the  second  stage  of 
acceleration  it  is  pcseitle  tc  take  80o/c  of  intensity  cf  the  beam, 
accelerated  toward  the  end  of  1  stages,  the  part  of  the  beaa  will  be 
lost  upon  transfer  of  aacnetic  field  on  I  will  shade  branch.  These 
losses  depend  mainly  et  the  character  of  a  change  in  the  nagnetic 
field  on  the  transition,  the  value  cf  its  pulsations  and  value  and 
character  of  a  change  in  the  asplitude  of  accelerating  voltage,  in 
the  optimum  case,  utilizing  acde/ccnditicns  cf  preliminary  phase 
bunching  [3],  after  transition  it  is  possible  tc  obtain  about  60o/o 
of  intensity  of  the  beas,  accelerated  toward  the  end  of  1  stages. 

3.  Experimental  results. 

During  September  1969  on  che  synchrophasotron  the  J.I.N.E.  were 
carried  out  experiments  in  acceleration  cf  detterens.  In  these 
experiaents  was  not  placed  the  tash  of  ottaining  the  xaxiaua 
intensity  of  deuterons,  hut  was  pursued  the  target  of  obtaining  the 
data  about  the  character  of  losses  to  the  I  stage  of  acceleration. 
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capture  efficiency  intc  tae  11  stage  and  abcut  the  lcsses  with  the 
transition  of  Magnetic  field  tc  the  growing  branch.  Such  data  were 
necessary  in  order  subsequently  to  take  treasures,  which  reaove  the 
effect  of  different  factcrs  cn  the  losses  of  intensity  upon  the 
acceleration  of  deutercrs. 

Investigations  shewed  difference  in  the  character  of  losses  in 
the  initial  section  upcn  the  acceleration  cf  pretons  and  deuterons. 

If  upon  the  acceleration  cf  pretens  the  interval  cf  lcsses  stretches 
during  the  build-up  of  field  tc  50C  G,  then  upon  the  acceleration  of 
the  deuterens  of  loss  occur  in  entire  1  stage,  ihis  difference  is 
characterized  by  the  larger  lessee  of  deutercrs  cn  the  residual  gas 
due  to  ssaller  twe  tines  cf  kinetic  energy  cf  injection  and  by  its 
slower  increase  upon  the  acceleration. 

In  Pig.  1  Presentation  of  the  oscillograa  of  the  intensity  of 
deuteron  bean  with  the  acceleration  in  1  stage  and  the  initial 
section  of  the  II  stage  (sagnetic  field  is  constant).  Froe  the 
oscillograa  it  follows  that  intc  the  II  stage  it  is  seized  by  70o/c 
cf  intensity  of  the  beai,  accelerated  toward  the  end  of  1  stages. 

This  oscillograe  is  taken  with  included  diagrai  cf  the  depression  of 
pulsations  on  the  "table"  of  aegnetic  field.  In  the  presence  cf 
pulsations  are  observed  the  large  losses  of  intensity,  obliged  to  the 
resonant  step-up  of  synchrotron  oscillations  which  it  is  difficult  to 
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bridge  due  to  the  contradictcr y  xeguireaents  lor  the  aaplitude  of 
accelerating  voltage.  Ixsigniiicant  lessee  at  erd  of  1  stages  occur 
as  a  result  of  the  large  pulsations  of  aagnetic  field  upon  transfer 
into  the  aode/conditicrs  of  "taris"  (diagraa  cf  the  depression  of 
pulsations  is  included  after  tie  transition  of  aagnetic  field  into 
the  aode/ccnditicns  cf  "table”  and  is  turned  cf f/disccnnected  before 
the  transition  tc  the  orcmig  exarch). 

Pig.  2  shows  the  cscillcgraa  cf  the  intensity  cf  teaa  in  the  II 
stage  of  acceleration  (fig.  2a)  and  the  radial  position  of  bean  (Fig. 
2b)  in  the  I  and  II  stages,  ine  sharp  losses  cf  intensity  appear  upon 
transfer  of  aagnetic  field  on  I  sill  shade  branch.  These  losses 
occur,  apparently,  as  a  result  ct  "N  cf  equilibriua  phase  juap,  since 
after  engagement  of  the  diagraa  cf  the  depression  of  pulsations 
aagnetic  field  first  decreases  cr  5  G,  and  only  then  it  begins  to 
grow/ri3e  (see  the  oscillcgxan  fig.  3).  The  character  cf  a  change  in 
the  aaplitude  of  accelerating  voltage  while  ccnducting  of  these 
experinents  is  illustrated  by  the  cscillcgraa  fig.  4. 

The  use/appllcaticn  of  a  syitea  of  the  depression  of  coherent 
phase  oscillations  [4]  although  decreases  the  lesses  upon  transfer  of 
aagnetic  field  to  the  growing  branch,  not  in  this  acasure,  in  which 
it  should  be  expected.  Cbvicusly,  are  tcc  great  ""  cf  equilibriua 
phase  juap  on  the  transition  and  in  too  weak  appears  coherence  in  the 
focaei/shaped  beaa  in  the  beginning  of  the  II  stage. 
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Fig.  1.  Oscillogcaa  of  intensity  ct  deuteron  teas  upon  acceleration 
to  1  and  nacala  XI  stages. 

Fig.  2.  Oscillcgraas  cf  signals  cf  intensity  upen  acceleraticn  of 
deuterens  on  II  stage  (s)  anc  radical  position  cf  beaa  to  1  and  II 
stages  (b)  . 
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Fig.  3.  Character  of  charge  la  eagsetic  field  on  "table". 

Fig.  4.  Character  of  change  in  aapiitude  of  accelerating  voltage  on  1 
and  II  stages. 

12.  Project  of  the  circslar  synchrotron  cf  the  Swiss  institute  of 
nuclear  research. 

0.  P.  Blazer.  0.  0.  Gather.  G.  *•  villaks. 

(SIN.  Switzerland). 

Introduction. 

SIN  -  abbreviated/reduced  naae  of  the  Swiss  institute  of  nuclear 
research.  This  institute  obtained  status  of  the  branch  of  Swiss 
federal  technological  institute  in  1968.  In  ccabination  with  the 
(rejected  accelerative  laboratory  sear  Nillinsen,  in  35  ka  tc  the 
northwest  of  Zurich,  sia  to  1973  will  allow  ccnteapcrary  ezpcriaental 
installations  to  the  Swiss  usiveraities  and  ether  research  groups. 


it  present  the  lar$c  part  c i  the  operating  personnel  works  in 
the  teaporary/tiae  lccaticn  in  c  Zurich-Cerlikcn. 

[ascription  of  acceleratcr. 

The  basic  designaticn/purpcse  of  acceleratcr  consists  in  the 
creation  of  large  flews  *  -  and  p  -  aesons  with  the  aid  of  the  proten 
beaa  with  the  energy  aj fioxieately  600  MeV  anc  the  intensity  of  100 
►  A  [13- 


end  section 
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Cage  56. 

Accelerator  is  the  two-stage  combination  of  avf  cyclotron  (72 
aeV)  and  circular  cyclctzon  (5SC  a«V)  with  the  separate  magnets  (Fig. 
1) •  Both  accelerators  uik  isochzcaally  at  the  frequency  of  50  MHz 
£2]. 


Injector  cyclotrcc.  In  order  so  obtain  the  accelerator,  suitable 
for  the  wide  experimental  pxcgrai,  it  was  decided  to  utilize  as  the 
injector  multiparticle  cjcictrcs  with  the  adjustable  energy. 

Avf  cyclotron  has  the  diameter  of  pcles  2.45  mr  one-duant 
system,  alternating  magnetic  field  and  continuously  changing 
frequency  in  the  limits  from  4.7  to  17  MBz,  which  provides  the 
acceleration  of  the  teams  of  different  particles  to  the  energies, 
given  in  Table  1. 

Accelerator  has  the  axial  injection  of  the  polarized  pretons  and 
deuterons.  During  25o/c  cf  tiae  these  beans  they  will  utilize  for 
experiments  in  nuclear  pfcysrcs  in  the  individual  section  of 
experisental  hall.  After  the  passage  of  arc  cf  110°  in  the  analyzing 
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■a gnat  their  energy  resolution  kill  comprise  iE/E-10-4 
If ull/total/coeplete  width  cn  tit  half  height). 

As  the  injectcr  fer  the  high-energy  step/stage  this  cyclctron 
will  operate  at  the  freguency  ct  50  HHz,  which  is  third  haracnic  of 
the  freguency  of  revolution  ct  particles  in  the  cyclotron.  In  this 
aode/conditions  it  will  create  preton  beaa  with  the  energy  72  He? 
with  an  intensity  cf  ICC  pi  with  the  energy  spread  cf  less  than 
0.3o/o  and  with  the  eeittances  ct  less  than  3C  sa.  scad.  Hill  be 
undertaken  special  aeasnres  for  the  optiwizati.cn  of  central  region, 
syaaetry  of  aagnetic  field  |4  sectcrs)  a  Ed  systea  of 
conclusion/output,  in  erder  to  ecsure  the  guaranteed  beaa  with  the 
civen  above  paraaeters  (fig.  2). 

Contract  to  the  construction  of  this  accelerator  was  signed  by 
lira  "Phillips  Oland  "  in  the  tall  of  1968.  Scse  basic  eleaents/cells 
are  located  in  the  stage  of  construction  and  production. 

The  circular  cyclotron,  iroten  teas  with  the  energy  72  HeV  is 
introduced  into  the  ring  which  possesses  the  following  basic 
characteristic  special  teat  ares/ peculiar ities,  which  facilitate 
obtaining  the  beaas  of  high  intetsity  with  the  intermediate  energy: 
the  separate  aagnets  with  seal!  clearances,  which  ensure  a  aiall 
■iddle  field  and  sufficiently  streeg  axial  focusing;  a  sufficiently 
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large  energy  gain  per  revolutior.  created  by  separate  high* frequency 
resonators  to  very  high  vcltagas. 

In  this  device/eg ni (sent  are  provided  the  conditions  for  a  gccd 
control  and  the  qualitative  ccnc lusion/cut put  cf  steady  bean  with  the 
high  characteristics. 

The  circular  cyclctron  (Sag*  1)  has  8  c-shaped  eagnets  ty 
aziauthal  width  cf  ~18c.  The  pole  gap  decreases  fro ■  9  to  5  ca  in  the 
range  of  radii  froa  200  to  460  ca.  Sectors  eust  he  spiral,  since  the 
focusing  is  only  due  tc  a  step-like  change  in  the  magnetic  field 
insufficient  with  the  energies  in  question,  cf  the  considerations  cf 
lighter  and  sore  effective  work rng/treat sent  fcr  the  poles  was 
selected  the  fora  of  circular  arcs,  which  ensures  helical  angle  of 
-32°.  Pield  in  the  liaits  or  pci*  grows/rises  with  an  increase  in  the 
radius  froa  -15  to  20.6  kg  with  the  final  energy  590  fleV  (Fig.  4). 

The  systea  of  weak-current  polar  cnes  against  the  bundle  will  provide 
the  necessary  corrections  fields.  Vacuua  chaster  aade  of  the 
stainless  steel  is  contacted  directly  with  the  aagnet  poles  ty 
elastic  welded  joint.  £i iterant  sections  of  vacuua  chaaber  contain 
sensors,  cclliaators,  da vicea/cqur paent  for  irjccticn  and  taet 
extraction. 


J 
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Pig.  1.  The  layout  of  accelerator  SIN  and  experixental  halls:  1  - 
injector  cyclotron  with  the  vaxiable/alt ernating  energy;  2  -  the 
circular  cyclotron  for  tie  protcns  with  the  energy  590  neV;  3  -  fcaaa 
hole  with  the  variable/ a iter  sating  energy,  including  110°  analyzing 
■agnet;  4  -  target  T  I,  1  II  ana  3  III  fcr  the  secondary  beaes  (»,  y 
-  eesons,  neutrons*  polarized  protons);  the  icving  concrete  blocks 
for  the  protection  of  ciperiaeatal  hall,  the  channels  of  bundles  and 
target. 

Key:  (1).  Control.  (2).  Experiiestal.  (3).  locations.  (U).  Auxiliary 
buildings. 
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The  technical  characteristics:  the  diaaeter  of  poles  -  -2.5  ■; 
laxinua  radios  of  bean  -  -1.1  a;  a  quantity  cf  spiral  sectors  -  4; 
iscchronal  field  -  0.4-1. 6  in  s/aa;  cyclctrcn  frequencies  -  1.6-17.1 
KHz ;  voltage  frequency  cn  the  dees  -  4.7-17.1  hhz,  50.8  hhz  (third 
baraonic  of  the  node  of  injecticn)  ;  dee  voltage  -  70  kV;  beaa 
extraction  -  processional;  the  effectiveness  cf  ccnclusion/output  - 
70o/o;  the  source  alsc  cf  ions  -  internal;  internal  with  the 
preliainary  acceleraticn  a;  external,  axial  injecticn;  are  possible 
the  sources  of  the  polarized  particles. 
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■h.- 

'fable  1.  Injector 

cyclotron  (dc vc lepnent 

of  fir*  ’•Phillips'*)  . 

'I.H  Tiiua  '"t 

‘UHTepaan  3neprHH,(J)H 

HTeHCMBI'OCTb,  3MHTTaHCbl  X,* 

Pa36poc  no. 

.OTnocHTem>H««i  am 

M3S 

mk  a 

Ct/  MM.Mpa4,HOpM. 

3HepniH  >  - 

'  Te.  ibHOCTb 

iiM<iy;d 

npM  3HepniH 

(JP 

ny-tKa  ( MHKpocTpjl 

rl ' 

50  Msb 

-rypa),  % 

f’owilM  HHWeKUMH  npw  50,8  ,Mru 

f./ 

72.M 

>100 

4  30 

<  0,3% 

3  - 

5 

I’°*hm  rie[>eMeHHOtl  3HepniH 

•0-75 

p 

25 

<30 

<0,3% 

•  100  KB  QtJ 

1,5  - 

■  1.1 

<L 

10  -  65 

J5 

<30 

40.3% 

1.5  - 

1,1 

-i 

~  100  K3B 

20  -  130 

15 

<30 

40.3% 

1.5  - 

1.1 

He3 

~ 100  K")B 

15  -  160 

15 

<30 

40,3% 

1,5  - 

1.4 

~ 100  K3B 

X h  *,enbie  hohu  ( foj 

0,6  -  10  Msb 

2 

4-10 

4  0,5% 

Ha  HywioH  ^100  K'b  1,5  -  1,4 

Key:  (1)  •  Particle.  (2).  Energy  range,  Jte7.  (3).  Intensity,  j.A.  (4). 
Enittances  x,  z  in,  irao,  n.  kith  energy  50  Hev.  (5).  Energy  spread. 

(6).  Relative  duration  cf  naan  turst  (sicrcstructure) ,  o/o.  (2). 
Rode/conditions  of  injection  nitl  50.8  RHz.  (6).  Hode/conditicns  of 
variable/alternating  ereegy.  (9).  ke7.  (10).  large  ions.  (11).  Re?  to 
cuclecn. 


Pig.  2.  ccnstruction/desiyn  cf  injector  cyclotron.  st  -  HP  short  for 
50  HHz;  s 2  -  sowing  HP  short  icr  the  frequencies  between  by  4.6  and 
17.1  HHz ;  Is  -  ionic  source;  P  -  testers. 
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Fig.  3.  Construction/design  cf  t ne  circular  cyclctrcn.  1  -  pcle  of 
sector  aagnet;  2  -  fraickork  of  sector  aagnet;  3  -  tF  resonators  5C 
RHz;  3a  -  place  for  150  eflz  6f  cf  resonator;  4  -  SF  oscillator  on  250 
kfl ;  5  -  high- vacuum  puaps;  6  -  free  sections  cf  vacuue  chamber;  7  - 
Fressura-operatad  devices  for  the  vacuue  seals;  6  -  aagnet  fcr  the 
injection,  94°;  9  -  aagnetic  injection  channel,  3  kg;  10  - 
electrostatic  inf lector;  11  -  electrostatic  de fleeter;  12  -  aagnetic 
focusing  and  controlling  eleeent/cell  for  the  deflected  bundle;  13  - 
leading-out  aagnet  with  septua  2  ca  by  winding;  14  -  focusing 
element s/cel Is  for  72  Cel  of  bsaa;  15  -  focusing  eleaents/cells  for 
590  He?  of  bean;  16  -  concrete  circular  foundation;  17  -  adjustable 
jacks  for  the  aagnets;  16  -  supporting  gear  fcr  the  eguipaent  in  the 
center  of  accelerator;  19  -  cables;  20  -  channel  for  the  ducts  with 
the  cooling  water;  21  -  saall  auiiiiary  tap/crane;  22  -  doaain/blast 
furnace  concrete  blocks. 

Cage  59. 

Pour  high-frequency  resenarers  with  a  width  cf  40  ca  in  the 
direction  of  beaa,  by  the  length  of  530  ca  in  the  radial  direction 
and  by  the  height  of  330  ca  with  the  accelerating  gap  with  a  length 
cf  15  ca  create  each  stress/ voltage  of  apprcxiaately  500  kV  cf  the 
frequency  of  50  RHz,  which  is  the  sixth  harsccic  of  the  frequency  cf 
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revolution  of  particles  in  this  accelerator.  They  ace  excited  by 
separate  high-frequency  oscillators  by  the  pcwer  cf  250  kw,  ccnnected 
with  one  well  stabilized  saster  oscillator.  Electronic  circuits 
provide  control  of  stress/vcltage  and  phase. 

Seas  is  injected  ictc  acdiai  plane  thccugh  90-  degree  deflecting 
■agician  the  nit  after  ahich  is  arzanged/located  aagnetic  pipe  of 
injection,  and  it  is  placed  in  equilibriua  crtit,  utilizing  the 
corrective  channel.  Siccc  on  a  radius  of  injection  cccurs  the 
full/total/coaplete  separation  of  orbits,  the  losses  of  beaa  can  be 
aade  negligible. 

Por  an  energy  gaic  par  revolution  on  the  order  of  1.5  Bet  near  a 
radius  of  conclusion/oct put  the  orbital  spacing  is  6  an, 
graving/rising  to  -8  an  at  the  point  cf  conclusicn/output.  In  this 
region  the  aaplitudes  cf  the  incoherent  radial  oscillations  cf  beaa 
will  have  value  cn  the  order  cf  3-4  an.  lor  the  systca  of 
conclusion/output,  which  is  cf  the  electrostatic  channel  to  the 
intensity/strength  of  field  50  >t/ca  septan  nith  a  thickness  of  0.1 
aa  and  length  of  120  ci,  aagnetic  focusing  elesents/cells,  nixed 
further  on  the  ring  cn  45°,  and  the  deriving/ccocluding  septua 
■agnet,  displaced  on  the  ring  by  sc°,  the  calculated  effectiveness  of 
conclusion/output  exceeds  90c/c  (table  2). 
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Vacuua  chaaber  is  prepared  partially  frc ■  th«  stainless  steel 
and  partially  fro*  aluvarus.  Separate  secticcs  can  be  connected 
either  with  the  aid  of  actal  aultaplexing  oc  kith  the  aid  of  the 
inflatable  plastic  elexeats/cells,  stable  tc  the  effect  of  raciaticn. 
Since  the  polluticn/cc rtearnatacr  cy  cil  of  the  surfaces  of 
high- frequency  resonators,  apparently*  lieits  the  aaxiaue  attainable 
stress/voltage*  it  is  proposed  tc  utilize  a  ccatinaticn  of 
tur boaolecalar  puaps  arc  titanica  sorpticn  pueps,  directly  coupled 
with  the  rescnatocs. 

Technical  characteristics:  radii  of  poles  -  1.9-4. 6  a;  radii  of 
lean  -  2. 1-4.5  a;  a  quantity  of  spiral  sectors  8  (separate  aagnets) ; 
isochronal  field  -  0.6-C.9  V.s/a*;  hill  field  -  1.46-2.06  V.s/a*;  the 
field  flutter  -  1.05;  aaaaaua  helical  angle  -  35°(neq)  frequency  cf 
axial  betatron  -  0.95-C.15;  fregcency  of  radial  betatron  -  1. 1-1.7; 
frequency  of  cyclotron  -  8.41  hz;  the  adjustaent  of  resonators  -  50.8 
KHz  (sixth  ha r sonic ) ;  an  increaeat  in  energy  per  revolution  -  -1.7 
ReV;  beaa  extraction  -  when  i,i;  the  effectiveness  cf 
conclusion/output  -*90c/c  (theory)  ;  the  injection  of  beaa  -  into 
■edian  plane  with  72  Hal;  the  circular  vacuua  chaaber/caaera :  bore  - 
3.5  a.  outside  disaster  -  9.2  a;  the  outside  disaster  of  aagnet  yoke 
15  a;  the  height  of  aagnet  -  is  4.9  a;  the  weight 

(f ull/total/coaplete)  -2C00  of  t;  the  required  power;  aagnets  -  -650 
kW,  resonators  -  -600  ki;  the  f uil/total/coaplete  required  power  - 
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table  2.  The  circalar  cjclotxcn  (development  SIM)  . 


i  :j 

HacTMIA 

'"a, 

H  irepsafl  3Hepr«H  , 

Mae 

IlHTeHCHBHOCTh, 

snta 

( <SJ 

3Nrg*rjaHC 

MMl.\ipaa 

C  -9 

Paj6poc  no 
aw’prHH 

r  ^ 

OTHOCHTMbHflH 

aniiTP.ni.Horrb 

iiMnv  nhcfl 
IIVHKn  (  MlIK- 
poCTpyKTVp.l) 

1 

- 1 

- 1 

r  ? I  P 

npH  50,8  ~  590  ~  100  10  0,3".  3-5% 

Mru 


Key:  (1).  Particle.  (2).  Snarly  range,  aev.  (2).  Intensity,  j»A.  (4). 
Eaittance  x,  z  of  aa.  irad  (5).  Energy  spread.  (6).  Belative  duration 
cf  beaa  burst  (aicrcstr ucture) .  (7).  with  50.6  KHz. 


DOC  *  30069205 


*Cr— -,*«■«&  ^W2 


& — — i 

JS B0M3S  ■ 


/rj 


fig.  4.  Diagram  *«*  ,  »T  0fr*ar  urtrcken  curve  shews  the  displaceaent 
cf  the  operating  point  ci  the  circular  cyclotron  SIN  in  process  of 
accelaration  froa  72  tc  590  Bel.  ire  shown  changes  in  the  curve*  if 
will  be  used  radial  reactances  S  =3/2(1)  or  *«/2(H).  Lower  curve 
is  typical  for  aediua-energy  cyclotron  (50  Bel) . 


Key:  (1).  BeV 
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State  of  the  constzucto.cn  of  accelerator.  It  is  possible  to 
consider  that  the  const! ccticn  cf  the  basic  eleaents/cells  of  the 
circular  accelerator  is  passed  successfully,  ire  prepared  tests  of 
prctotypes  of  the  folic  sing  iapoztant  eleaents/cells  cf  accelerator: 
sector  aagnet  with  the  cccaetry  cr  poles,  which  corresponds  tc  energy 
59C  He7  (initially  520  He7) ;  no gfc- frequency  resonator  on  50  KHz  in 
scattered  power  150  kB;  high-frequency  oscillator  on  50  MHz,  250  kB; 
the  section  of  vacuua  chaster,  connected  with  the  aagnet  pole  withcut 
the  aultiplexing;  the  rcde/unrt  cf  vacuua  evacuation  cf  section, 
which  contains  turboaolccular  puaps  and  titaniua  sorption  puap  (by 
productivity  of  10000  1/s) ;  the  deriving/concluding  aagnet  tc  16  kg, 
which  has  the  two-centiieter  septan  winding  (Insulation/isolation 
free  oxide  cf  aluainua). 

Is  aade  prototype  cf  the  section  of  fine-ad  just  sent  winding  with 
Insulation/isolation  fxca  oxide  of  aluainua. 

At  present  the  sajcxrty  of  the  eleaents/cells  cf  accelerator 
released  into  the  prcducticn. 

About  65o/o  of  budget  of  the  constrncticr  cf  accelerator  (ccaecn 
cost/value  of  43  sin.  Seise  francs)  are  tracsiitted  cn  the  ccntracts 
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into  tha  industry. 

Dynanics  of  bean  and  ccnstr uction/design  of  aagnet.  The  solution 
to  change  final  energy  cf  accelerator  frea  520  tc  590  MeV  was 
accepted  after  obtaining  cf  gcod  results  on  prototype  of  the  aagnet 
(divergence  froa  the  iscchxcnal  field  with  55C  Me v  less  than  0.2o/c) 
and  after  careful  analysis  cf  the  conditions  cf  bean  extracticn  with 
the  increased  energy,  carried  oct  Joho  [  3]. 

Before  the  working/ treataeAt  to  the  field  of  the  owls  of  all 
aagnets  they  were  finished  before  obtaining  of  the  required  gecaetry 
(corresponding  final  ecexgy  590  set)  cf  the  pcle  cf  two  aagnets  which 
at  present  ace  accuaulatcd  on  the  test  bench  (Fig.  5). 


\ 

» 
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Fig.  5.  Teaporary/tiee  test  tench.  Opper  left  angle  -  prototype  of 
sector  aagnet  in  the  lccaticn  kith  air  ccnditicning ;  to  the  left  - 
the  prototype  of  vacune  chaster  kith  the  eagnetic  pcles;  frot  belcw 
to  the  right  *  250  leu,  5C  Hhz-  generator,  ccnsccted  with  the 
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prototype  of  resonator  (after  tia  concrete  shield) ;  above  in  the 
canter  -  asseabling  section  for  the  assetbly  cf  the  seccnd  aagnet. 

Fage  61. 

High-frequency  systea.  Fxctatly,  the  acst  significant  success  is 
the  starting/launching  cf  the  high-frequency  pcver-supply  systee  on 
150  k»,  prepared  in  ccnfcraity  kith  the  specifications  of  institute 
by  fira  "AEG  -  Telefunkex."  The  systea,  which  ccntains  recently 
developed  by  fira  tetrcae  YL  £491]  with  the  water  ceding,  easily 
separates/liberates  the  high-frequency  pever  cf  250  ka  cn  the 
equivalent  load.  To  prototype  cf  resonator  are  transferred  about  14C 
kw  of  high-frequency  power,  which  corresponds  to  peaJs  voltage  of 
approximately  600  kV  cn  the  freguercy  of  50  EHz .  Under  conditions  for 
stable  operation  it  is  pcssitle  to  support  stress/vcltage  fres  400  tc 
450  kV.  Bischoff,  etc.  £4]  shewed  that  the  ficish  of  internal 
surfaces  i3  very  iapcrtaxt  for  aaintaining  cf  the  necessary 
stress/voltage  and  9liiaxatic&  cf  tigh-f requercy  discharges. 

State  of  the  prograa  cf  construction. 

The  construction  cl  bulldiigs  is  passed  in  accordance  with  the 


graph/curve.  The  sain  expexisentai  hall  (65x46  a)  can  be  will  be 
coiplately  conducted  under  the  xcof  in  this  year. 
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At  present  in  the  cpeiatictal  building  and  in  the  official 
building,  arranged/lccated  in  the  neighbcrhccd  with  the  experinental 
evil,  is  astablished/irstaiied  teccnical  eguipaent  (energy  and 
cooling)  (Fig.  6). 

Graph/curve  provides  for  the  assembly  cf  accelerator  in  the 
period  with  years  1971  cr  1S13. 

Sacondary  beans. 

In  order  to  support  at  the  accelerators  the  reasonable  level  cf 
the  induced  activity,  seccndary  reaas  are  intended  tc  obtain  in 
essence  on  external  taicets. 

At  present  [5]  are  studied  the  constructicns/designs  of  target 
systeas  and  systees  cf  the  transportation  of  seccndary  beans. 

table  3  gives  the  expected  intensities  of  typical  experisental 


beans 
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table  3.  Secondary  beats. 


rtj 

W.jcrmi/i 

Tv 

3<<of inrti ,  M;)B  i 

'■2J 

1  InTi'iicjiiBiiorTi., 

Cf'K 

U7~~ 

P*  10% 

590(  ±3) 

3.1010 

r  EFT 

^12'  ^  r  * 
lo",  3.10-3 

'•T^pnn  (iy 

n  *  .33% 

450+30 

1,10' 

®  2 

Hn  ,  3  r /cm. 

27°,  2.10“° 

(pcTop^n,  20 

i*/  MKn 

n 

580+2 

3.10* 

-  ®  2 
Dj,  l,7r/cy, 

Cf  .  2.10 

(C/rTppnn,  20 
£j/\«KO 

JZ * 

150+3 

M- 

2.10 

C  9r/rsi, 

_  ‘  ^  .„-3 

n~ 

150i3 

2.107 

1U  Mj  D.1U 

(P'.Topan,  100 

(^MKn 

M* 

80+10 

8 

1,5.10“ 

f^na  100.M2 

_ 

I/O) 

VT.1IIOB  lOUirblf 

1  I'.n'K  .“*) 

10  M,  0  15 
f'V 

'•m,  '0  k r  ( 

Key:  (1).  particle.  (2).  Energy,  HeV.  (3).  Intensity,  s-i.  (4). 
Notes.  (5).  g/ca2.  (6).  sterad.  <7j.  pA.  (8).  cn.  (9).  solenoid 
(10).  Stopped.  (11).  (g.  a  ”  *)  (12).  see  50  kg. 
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Discussion. 

I.  A.  Sarkisyan.  Are  seek  tbe  values  of  the  parasetex  of  the  spiral 
cf  Archimedes  and  the  asjLitsde  ci  fundaeental  barscnic  and  why  is 
selected  veak  helicity? 

Kh.  Villaks.  He  apply  cct  Archiicdcs  spiral,  but  eith  certain  change. 
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Low  helicity  is  selected  in  connection  with  the  fact  that  the 
coefficient  of  flutter  is  acre  than  one. 

A.  A.  Vorobyev,  which  the  diagram  cf  autcaatic  ccntrol  cf 
ac  cel  era-tor? 

Kh.  villaks.  will  be  used  multiplex  systea.  Icitially  computer  will 
be  utilized  only  for  the  recording  of  data  Then  fcr  the  contrcl  of 
soae  parameters  (for  exaaple,  by  the  parameters  of  the  focusing 
lenses) .  After  several  years  cr  operation  and  gaining  of  experience 
will  be  used  f ull/tota 1/ccap lets  automatic  ccntrol  of  accelerator. 

Ye.  Skhvabe.  tfaae/call  basic  data  cf  the  systea  cf  ccnclusion/output. 

Kh.  villaks.  electrostatic  deiice/equipaent  with  a  length  of  120  ca 
and  by  intensity/strength  of  field  50-6C  kV/ci.  Angle  of  deflection 
*7  of  arad.  Then  will  ccst  guadxcpcles  and  scptua  -  aagnets  with  2- 
centimeter  winding.  Before  the  electrostatic  channel  there  will  be 
established  the  systea  cf  thin  urcs  for  aeasuring  the 
prcfile/airfoil  cf  beai. 


Ye.  Skhvabe.  Which  the  { secisxcc/accuracy  of  the  aaintenance  cf 
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phase? 

Rh.  Villaks.  2-3«. 

E.  K.  Shesbel'.  ahicb  laaxaui  gradient  of  BP  field  in  the  resonator 
with  the  stable  operation?  fcfcich  tie  frequency  of  sparking? 

Kh.  Villaks.  The  average  value  cf  intensity/strength  -  30  kv/ca.  The 
frequancy  cf  sparking  tas  net  aeasured. 

y*.*.  Mb  Donets.  Hhich  tn«*  expected  intensity  cf  the  beaa  of  the 
polarized  protons? 

Kh.  villaks.  During  the  scatterirg  on  the  cartonic/carbon  target 
-10*i  i/s.  During  the  nse  of  an  external  source  -10**  1/s,  and  will 
how  auch  be  at  the  output,  it  is  unknown. 

13.  Linear  accelerator  cf  protese  tc  the  energy  10  MeV  in  the 
collation. 

/  •  • 
fa  fa  fa 

Ye.  Dzyur,  V.  GraboTskje,  Yu.  lanushewsk^a,  2.  Rczlcvskjp,  a. 

« 

Kukharchik,  S.  Kulinskjp,  B.  lycckevich,  Z.  Gazer,  A.  flakier,  S. 

<  / 
c  i- 

Syslinskjp,  T.  Hevodnictanskjp,  a.  Pakhan,  L.  Savlevich,  Yu.  Sur,  Ch. 
leykhert. 


DOC  »  80069205 


(Institute  of  nuclear  research,  Sverk,  Poland). 

Tha  described  accelerator  us  dasignad  and  ccnstructad  with  its 
own  forces  in  tha  center  of  nuclear  research  In  the  collation  about 
•arsaw.  Accelaratcr  was  constructed  for  conducting  of  fundaacntal  and 
practical  investigat iers  in  the  region  of  nuclear  lea-energy  physics. 

In  the  accelerator  tas  utilised  the  accelerating  structure  of 
Alvarez's  type  with  ard  gn/Ln-cor»»t-o.2S.  This  structure  was 

checked  by  nuaerical  calculations  with  the  aid  of  the  aodifiad  aethod 
cf  Martini-  Warner.  Tha  selected  parameters  cf  the  focusing  channel 
of  accelerator  are  coaprcaise  between  aaxiaal  value  of  acceptance  in 
the  phase  space  and  the  technically  peraissifale  valuas  of  fiald 
gradients  in  the  guadzcpcle  lenses,  obtained  cciproaise  value  cos  n 
for  the  systea  FDDF  equal  to  C.  45  .  The  values  cf  transverse 
acceptance  and  eaittance  are  agual  to  with  respect  100  and  3C  aa. 
srad. 


Injector  is  a  usual  accelaratcr  cf  Ccckcrcft-wol ton's  type  with 
the  high-frequency  ion  scurce.  Tke  duration  cf  beaa  burst  can  be 
regulated  in  the  liaita  frea  100  to  1000  as.  iccalerator  tuba  of 
injector  consists  of  10  sections.  Tha  avaraga/aaan  gradient  cf 
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accelerating  field  is  eqcal  to  C.55  7/a  .  The  quality  of  beaa  515 

ke7  can  be  aeasured  witi  two  reactely/distance  controlled  systeas  of 
slots*  with  faraday  cylinders  ana  with  aagnetic-ind action  aeters  of 
current.  For  beaa  catching  witn  tb«  entrance  cf  accelerator  serve  twe 
triplets  of  quadrupole  lenses  aic  two  pairs  cf  the  corrective  coils. 

The  copper  resonator,  loaded  with  40  drift  tubes*  is  placed  in 
the  steel  vacuus  container,  fact  drifting  tube  it  is  supported  at  the 
azis/axle  cf  resenater  tj  twe  reds. 

The  quadrupole  lenses,  placed  within  the  drift  tubes,  are 
supplied  by  direct  current  by  tie  value  cf  15C-250  A.  The  windings, 
wound  by  copper  tubes,  are  cooled  ty  water.  Gradient  of  aagnetic 
field  in  the  quadrupcle  lenses  is  aeasured  frea  4985  G/ca  at  entrance 
do  of  928  G/ca  at  the  cotput  cf  resonator.  Sescnator  has  12  plates  of 
tuning,  4  of  then  it  is  possible  reaotely/distance  to  regulate  during 
the  work  of  oachine. 

The  power-supply  systea  of  high  frequency  consists  of  three 
oscillators  of  power,  strongly  connected  with  the  resonator,  and  of 
one  generator-ezeiter.  it  the  oscillators  are  established/installed 
tetrodes  EZNAC  48  20QCCA . 


Page  62 
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Th«  duration  of  pulse  fcf  is  equal  to  1Q0C  ps.  The  pulse  repetition 
frequency  is  synchronized  wita  the  network/grid  and  eay  vary  abruptly 
in  the  liaits  froa  1.5  tc  1*. 5  iap./s.  The  distribution  of  the 
electric  field  along  tie  axis/axle  cf  accelerator  was  aeasured 
according  to  the  perturbation  netted.  After  equalization  is  obtained 
the  distribution  with  the  changes*  lying  in  liaits  cf  ♦-5o/o. 

The  systea  of  vac  tea  evacuation  consists  of  two  vapor-oil 
diffusion  puaps  and  traps*  cooled  by  liguid  nitrogen.  Entire  systea 
is  prepared  in  the  workshops  cf  institute.  Pressure  in  the  vacuua 
container  is  approxiaately  4*1Q-*  sa  Hg. 

First  accelerated  teas  fret  the  accelerator  was  obtained  on  15 
January  1970.  Work  on  an  iapxoveaent  in  aachine  paraaeters  continues. 
At  present  the  currant  cf  the  accelerated  beaa  (June  1970)  is  equal 
to  about  400  pA  (with  the  current  cf  injectcr  6  aA)  without  the 
bunchec. 

Are  given  below  the  paraaeters  cf  the  accelerator: 

exit  ecargy.....  9.7  net. 


DOC  =  30C69205  EAC-E  afY 


Bescnance  frequency .  193.25  HHi. 


Huabet  of  drift  tubes.....  40*  2.1/2. 


Energy  of  injection.....  515  keV. 


Synchronous  phase.....  *20°. 


Transverse  acceptance.....  100  is.  mrad. 


Focusing  systen .  FCCf.  cos  ».=  0.45. 


length  and  diaaeter  of  zesccatcx.. .. .  t  =5524  ■  2r=1077  na. 


Cuality .  Q=58000. 


Duration  of  pulse  H? .  1000  j.s. 


Pulse  repetition  frequency .  1.5;  3.1;  6.2;  12.5  iap./s. 


Power  H?  in  the  iapulsc/acaentua/pulse .  7C0  ki. 


Average  intensity/strergth  of  accelerating  field . 2.24  RV/e. 


111  !«.IBM.l»  ? 
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Pressure  in  the  resonates.....  as  Hg. 

Theoretical  works  it  essence  concerned  Questions  of  the  dynamics 
cf  the  preten  bean  and  calculations  of  the  rescnance  structure  of 
accelerator.  Numerical  calculations  were  conducted  in  aachine  GIER. 
For  this  purpose  were  keitten  corresponding  programs  in  language 
ALGOL,  and  are  also  transferred  into  this  language  and  were  adapted 
to  the  possibilities  ct  tars  aachine  other  existing  prograas.  The 
analysis  of  phase  and  transverse  particle  actions  in  the  accelerator 
aade  it  possible  to  accurately  determine  its  phase  and  transverse 
acceptance  and  eaittancc.  Are  calculated  the  parameters  of  the  systea 
cf  the  strong  focusing  FED i  cr  accelerator,  and  also  the  paraaeters 
of  the  systems,  which  agree  the  ccnclusicn/c ctput  of  injector  with 
the  entrance  of  accelerator  and  its  output  with  the  analyzing  aagnet. 

Is  developed  program  for  calculating  of  electromagnetic  fields 
and  natural  frequencies  cf  the  resonators  of  linear  accelerators. 

This  program  is  the  variety  cr  aetnods  of  Martini  and  D.  Warner  and 
aakes  it  possible  in  fctcre  to  decrease  the  machine  time  and  the 
storage  capacity,  necessary  for  tne  caiculaticns.  The  idea  of 
modification  lies  in  tte  fact  tfat  all  cperaticns/prccesses  of 
integration  and  dif ferectiaticns ,  necessary  in  the  process  cf  count, 
is  done  by  analytical  method  in  these  fields  cf  the  resonator  where 
the  fields  are  described  fiy  analytical  expressicr s.  This  is 
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especially  useful  durieg  the  calculation  of  eigenvalue  Ke<  calculated 
cyclically  in  the  iterative  process  of  ccunt. 

Integrals  take  the  i era 

and  are  expressed  by  cc  ahxaatiocs  functions  c.(imx), eknH%)t  where  ct,  cK  - 
Bessel  function  (usual  cz  aedixied),  xm,x„  ~  sc*e  parameters,  which 
depend  on  the  gecaetry  cf  resenatex. 

Therefore  it  is  pcsaihle  tc  avoid  numerical  integration  in  the 
entire  upper  region  of  tie  rescratcr  (it  is  acre  than  10000  points) . 

The  launching  phase  of  accelerator,  counting  free  the 
■oaent/torgue  of  the  texsinatxcz  cf  the  eeasureaents  cf  the 
paraaeters  of  HF  of  structure  tc  the  aoeent/tergue  cf  obtaining  the 
lean,  it  lasted  very  fez  long,  since  it  was  connected  with  nary 
difficulties,  in  essence,  with  weak  aaterial  and  setting  base,  which 
was  found  at  the  disposal  ox  collective.  Bain  stages  ot  this  period: 
1)  the  control  of  the  system  hi  cf  supply  for  obtaining  the  correct 
joint-operation  aode  c!  ell  oscillators,  the  ensuring  high 
efficiency.  The  prelinlnaxy  functional  check  cf  oscillators  was 
conducted  with  duaay  lead;  however,  final  adjustaent  becaae  possible 
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only  with  the  work  on  tirished  hP  structure  under  conditions  of  high 
vacuus;  2)  transition  through  the  "barrier"  cf  resonance  discharges; 
3)  the  achievement  of  the  xnteosit j/strergtb  cf  accelerating  field* 
which  corresponds  to  acccleraticn  level,  without  the  breakdowns,  or 
cnly  with  the  randoa  txceidcwns;  4)  the  acceleration  c£  protcn  beam, 
the  optimization  of  the  work  cf  injector  on  515  keV  and  the  focusing 
channel. 

Basic  difficulties:  1)  the  eaergencies  in  the  systes  cf  HP  caused 
■ainly  by  overvoltages  ir  the  ccrtcurs/outlines  and  daaages  of  the 
insulating  eleaents/cells;  eaergency  in  the  vacuus  system  and  the 
periodic  incidence/ispirgesent  ct  cil  or  water  irto  the  veluae  of 
resonator;  3)  the  difficulties  with  the  elisination  of  resonance 
discharges*  connected  with  the  aeterials  cf  electrodes  (usual  copper* 
net  non/vithout-oxygen) *  the  incidence/ispingesent  cf  organic  (oil 
vacuum  system)*  and  with  the  "slew"  system  fcf  cf  supply;  4)  the 
breakdowns  during  the  Iccg  tine  at  the  high  level*  also  connected 
with  the  materials  of  electrodes  ard  with  the  vacuus  conditions. 

During  the  discharges  in  the  resonator  they  were  given  by 
ebservetion  through  inepecticn  kiadows  in  housing.  Cne  froa  the 
windows*  arranged/located  at  the  angle  of  vacuus  envelope*  it  gave 
the  possibility  to  control  the  entire  systes  ct  drift  tubes  and  their 
rods.  Therefore  we  cculc  fellow  the  emergence  cf  discharges  and 
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deteraine  their  locaticc.  Ice  checking  of  the  phenomena,  which  occur 
in  the  vacuua,  was  performed  ty  the  aass  of  accelerator,  tilth  its  aid 
was  determined  the  spectrum  of  residual  gases  under  varied  ccnditicns 
for  work. 

In  the  beginning  ci  the  process  of  starting/ launching  the 
resonator  was  supplied  tj  the  continuous  wave  of  a  snail  power  for 
accelerating  the  process  or  reicvai  c£  gas  trcn  the  surfaces  of 
electrodes  and  for  the  prelisiAary  foraaticn  cf  their  surfaces.  The 
transition  through  the  region  cf  resonance  discharges  is  completed 
with  the  supply  of  strccture  generators,  which  with  the  full  load 
excitas  in  the  resonator  tae  strength  of  field  in  the  clearances  of 
approxiaately  0.25  aV/t. 

Eage  6«. 

The  transition  of  the  region  cf  resonance  discharges  was  aade 
difficult  due  to  the  lew  spaed  cf  the  build-up  cf  field;  therefore  it 
was  necessary  so  "f ora/shape*  the  surfaces  cf  electrodes  in  order  tc 
decrease  the  sacondaxy-eiisslcc  coefficient  tc  the  sufficiently  low 
level.  Effective  nethod  proved  tc  he  work  of  oscillator  with  the 
increased  repetition  fzeguancy.  discharges  appeared  alternately  with 
different  strengths  cf  field,  tecinning  frea  7  tc  120  kv/e.  on  the 
whcle  the  observed  levels  of  field  will  agree  well  with  the 
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theoretical  forecasts  fcr  the  siaes/diaecsicns  cf  the  clearances, 
available  in  the  structure,  They  are  burdenscte  and  prolonged  Mere 
discharges  at  the  louest  level,  tc  discharges  at  the  high  levels 
corresponded,  as  a  rule,  hrightccss  in  the  region  of  tubes.  After 
serious  vacuus  emergencies  and  hit  of  a  considerable  quantity  cf  cil 
into  the  resonator,  ag  i  n  </tr  aim  rg  did  net  ccipletely  give  results. 

In  such  cases  was  necessary  the  flushing  of  the  internal  surfaces  of 
resonator . 

After  outages  of  accelerator  (without  the  opening  of  vacuue 
envelope)  again  appeared  resonance  discharges,  which  entailed  the 
need  for  "aging/traini eg".  "breakdown"  between  the  drift  tubes  they 
appeared  on  the  level  cf  field  C.  7  froa  the  threshold  value  cf  the 
intensity/strength  of  accelerating  field.  The  reduction  of 
in pulse/aoaentue/pulse  with  1CU0  >.s  to  3C0  *.£  did  net  affect  a  nuaber 
cf  breakdowns.  At  first  breakdowns  appeared  at  the  pulse  apex,  and 
with  the  subsequent  ia [ u Jses/acaenxa/pulses,  also  at  the  froct.  with 
the  schsaatic  of  tiaer  aevice/egui paent  is  connected  the  dividing 
circuit  of  repetition  freguency  tor  the  work  with  the  frequency  of 
0. 3  s  and  C.l/s.  Is  prcvlded  roc  also  the  possibility  of  the  aanual 
blocking  of  launching/ starting  the  oscillators  cf  pewer.  Befcre  the 
eaergence  of  the  breakdown  between  the  tubes,  which  accoapanied  the 
bright  brightness,  is  observed  on  the  faces  cf  drift  tubes  the 
ouaerous  foci  ("asteriss") .  Gxaccally  reached  all  high  levels  of 
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field  and  possibility  cf  aoxk  uath  the  high  repetition  frequencies. 

In  the  case  of  the  emergence  cf  a  stall  leak  in  the  systea  of 
water  cooling  and  incicence/iapingeaent  into  the  resonator  cf  water 
vapor  was  observed  a  considerable  decrease  in  the  disruptive  level  of 
field. 

After  obtaining  of  the  first  accelerated  beam  was  carried  out 
checking  energy  cf  the  accelerated  protons  by  the  method  of  measuring 
the  path/range  of  beam,  brought  cut  into  the  air.  At  present  is 
prepared  the  setting  up  cf  buncher  and  conducting  the  precise 
measurements  of  the  paxaietexs  cl  bean  with  the  aid  cf  the  analyzing 
■agnet. 
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14.  Maw  developments  aid  improvements  of  the  technological  systems  of 
lineac  accelerator  1-2. 

V.  A.  Batalin,  7.  I.  Ectylev,  le.  A.  Danil'tsev,  I.  H.  Kapchinskiy, 

y 

I.  7.  Kartsev,  A.  S.  Kczcdaev,  V.  Rolcskcv,  B.  P.  Kuybid,  N.  7. 
Lazarev,  V.  I.  Edemskiy. 

(Institute  of  theoratical  and  experimental  physics)  . 

Introducticn. 

The  ccnstruction/design  of  linear  accelerator  (LU)  1-2, 
experiment  of  its  adjustsent,  ard  also  putting  into  commission  as  the 
injector  of  the  proton  synchrotron  (PS)  cf  ITIF  were  described  in  the 
literature  [1-3].  During  three  years  work  L0  provides  exit  pulse 
current  of  approximately  ICO  rnA,  that  makes  it  possible  to  have  at 
the  output  PS  the  intersity  h-fcOQ11  protons  per  pulse.  Duration  of 
team  current  LO  of  3C  the  stability  cf  the  current  strength  from 
cne  impulse/momentum/puise  to  the  next  S-IOo/o.  The  width  of  the 
energy  spectrum  of  particles  cn  the  longitudinal 

iapulse/moaentum/pulse  comprises  at  the  output  cf  LU  *-C.6o/c  (on  the 
half  height).  LU  work  11  aoaths  in  the  year  ty  three-week  coctinuous 
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cycles  with  the  weekly  gaps/intervals  fcr  the  preventive  works.  Idle 
tiaes  L0  with  respect  tc  toe  planned  operating  tine  composed  3.5o/c 
Iron  4741  hour  into  1969  and  2. 5c/c  ot  4520  hours  into  1969.  The 
tasic  reasons  for  idle  tiaes  were  connected  vith  that  carried  out  3-5 
tiaes  by  the  replaceaent  ct  catncde  in  the  icnic  source  of 
preinjector,  by  the  exchange  cr  oscillator  tubes  and  thyratrons,  and 
also  by  the  occurred  disturbanccs/treakdcwns  cf  the  correct 
aode/conditicns  cf  vaccus  avacuatj.cn.  The  contribution  cf  retaining 
technological  systeas  tc  the  tctai  rest  pericd  is  insignificant. 

It  i3  interesting  tc  note  that  in  spite  cf  the  use/application 
cf  oil-vapor  evacuation  and  the  high  value  (tc  140  kV/ca)  of  the 
strength  of  fields  in  the  clearances  in  4  years  cf  continuous 
operation  of  L(J  vacuue  envelope  vac  revealed  net  to  time.  The 
consequences  of  those  tad  the  place  into  1967-1969  two  vacuue 
emergencies  with  the  incidence/lap ingeeent  cf  cil  vapers  into  the 
resonators  was  passible  tc  cverccae  by  piclccged  (tc  70  hours)  HP 
aging/training.  Per  preventing  such  cases  on  the  forevacuue  aain 
lines  are  established/iistalled  tie  high  speec  cates. 

Berk  of  LU  froa  the  alternately  changing  by  duration  pause  between 
the  iapulses/acaenta/puls es. 

Essential  reserve  ct  an  lncreasa  in  the  effectiveness  in  the  use 
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ES  ITEF  was  revealed  bj  proposition  accelerate  proton  beaa  tc  the 
energy  150-200  neV  (for  the  aedical  targets)  during  the  pause  of 
basic  cycle.  The  reali2ata.cn  cf  this  preposition  reguired  froe  LO  of 
the  frequency  doubling  cf  mjectienn  for  the  alternately  changing 
duration  of  spacings  between  pulses,  which  is  0.8  and  3.2  s.  Basic 
aodernization  underwent  the  systea  of  the  high-voltage  power  supply 
cf  pr9injector.  The  sodclator  of  peat  transferaer  IT-300  had  the 
necessary  supplies  accczding  to  the  power  fer  the  worlc  with  the 
frequency  to  1  Hz;  however,  due  to  the  incoaplete  charge  of  storage 
capacitance  (tiae  constant  acre  than  0.3  s)  and  nearness  of  operating 
stress/voltage  IT-800  tc  the  peraissible  value,  was  required  a  strict 
periodicity  of  starting/ launching. 

Eage  65. 

This  liaitation  was  takes  vita  the  aid  of  the  antihunting  circuit  of 
voltage  across  capacitors  of  acdulator.  Stabilization  with 
precision/accuracy  ♦-0.1c/o  is  acccaplished/realized  by  the 
three-phase  thyristor  diagzas  which  is  connected  with  the  priaary 
windings  of  step-up  powcx  transferaer  [4].  The  introduction  of  this 
diagraa  substantially  (fzoa  v-C.S  to  +-0.3o/c)  lowered  the 
instability  of  energy  of  injection. 

The  frequency  doubling  of  work  L0  required  else  increase  in  the 
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power  of  the  stabilizer  c£  charging  voltage  ic  the  acdulators  of  the 
systea  HF  of  the  supply  (leaps  cf  the  type  GKI-9C  were  replaced  oo 
GHI-2B) .  During  last  year  LU  is  essence  it  worked  in  this  new 
■ode/conditions. 

Sacond  channel  of  beaa  extraction  LU. 

LU  1-2  can  give  the  beaa  (cn  the  average)  cf  1  tiaes  per  second; 
therefore  has  the  capability  into  the  tiie  interval  of  J.2  s.  between 
the  iapulses/aoaenta/pulses  oz  the  injection  cf  noraal  and  "nodical" 
cycle  PS  to  utilize  additionally  2  iapulses/icnenta/pnlses  LU  for  the 
experiaents  with  the  preton  leas,  accelerated  tc  the  energy  25  aeV, 
cr  for  aeasuring  the  paraaetexs  cf  bean. 

Location  for  the  «cxk  with  the  beaa  is  located  cn  axis/axle  LU 
directly  beyond  the  first  rotary  aagnet  cf  the  icn  guide,  which  links 
LU  with  PS.  In  all  on  this  icn  geiae  are  utilized  feur  rotary 
aagnsts,  their  windings  ere  connected  in  series  and  are  supplied  by 
direct  current.  Achrosaticity  cf  the  systea  cf  the  rctation  cf  beaa 
aakes  it  possible  to  significantly  lower  reguireaents  for  the 
stability  of  current.  Therefore  the  logical  at  first  glance  scluticn 
to  replace  the  first  rotating  sacnet  with  pulse  and  tc  include  it 
cnly  by  the  period  of  the  transiission  of  beaa  in  PS  was  rejected  due 
to  the  difficulty  ensure  the  register  of  the  values  cf  the  aaplitude 
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cf  pulse  field  in  the  first  ana  the  stationary  field  in  the  regaining 
three  eagsets.  setting  cp  it  is  direct  at  the  output  cf  LU  of  the 
supplementary  kicker  which  wculc  lake  it  possible  tc  pass  beaa  on  the 
side  from  the  first  rotary  magnet,  it  was  iapcssible  due  to  the 
closeness  of  the  lccaticn  of  the  remaining  elements/cells  cf  icn 
guide.  Thus,  most  advisable  scluticn  proved  tc  be  the  pulse 
demagnetizing  of  the  first  rctaxy  magnet  to  the  period  of  the 
transmission  of  beaa  { 2 C  ps)  into  the  labcratcry  location.  Pulse 
field  is  created  by  a  6-  loop  lcop,  introduced  together  with 
laminated  polar  tips  irside  vacuum  chamber  cf  the  first  rotary 
magnet.  The  brass  walls  cf  vacuum  chamber  serve  alsc  as  the  screen, 
which  prevents  the  appearance  of  overvoltages  in  inducing  windings, 
supplied  by  direct  curzect.  Stationary  field  in  this  magnet  has 
virtually  the  same  ccnficuratior,  as  with  the  continuous  pole  pieces, 
so  that  achromaticity  cz  the  system  of  the  rotation  of  beaa  proves  to 
be  preserved.  Hith  the  transmission  through  the  pulse  loop  of  current 
cf  approximately  15  k&  the  magnetostatic  field  in  the  beaa  region 
completely  is  compensated  and  beam  passes  through  the  magnet  without 
the  divergence.  The  tests  prototype  of  pulse  lccp  confirmed  the 
possibility  of  the  multipurpose  use  of  a  beaa  of  LU.  At  present  is 
conducted  work  on  the  intxoducticn/input  of  this  systee  into  the 
operation. 

Second  channel  of  beam  extraction  of  LU  is  equipped  by 
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chaabers/caaeras  foe  observation  tj  pulse  quadrapole  lenses  with  the 
aperture  70  an  on  the  ferrites  and  the  ccrrectcra  on  the  transforaer 
iron.  By  the  selection  cf  the  values  of  pulse  bean  currents  was 
carried  out  through  the  channel  and  brought  cut  in  the  ataosphere. 

Increase  in  the  reliability  of  operation  and  reduction  in  the 
cost/value  of  operaticr  cf  L0. 

Considerable  portion  of  operating  ccsts  cf  LU  compose  flew  rates 
to  powerful/thick  vacant  laaps  ana  thyratrens,  the  real  service  life 
cf  which  in  the  large  aeasure  determines  also  the  reliability  of  the 
work  of  aachine.  An  increase  in  the  power  of  the  excitation  of  the 
final  stages  on  the  laips  G1-27A  allowed  (without  a  change  in  the 
power  output)  to  soaewhat  lower  the  filaxent  voltage  cf  these 
expensive  laaps,  which  iter eased  the  period  cf  their  service  froa 
1000  to  4000  hours.  A  reduction  in  the  filaaent  stress/voltage  of 
roentgen  kenotrons  V1-C1/70  in  the  aodulator  IT-800  tc  13  in 
Increased  the  period  of  their  service  aore  than  10  tiaes.  The 
frequent  reason  for  cessation  of  10  was  the  need  of  exchanging  the 
thyratrons  TH 1-85/15  in  the  Modulators  HF  of  systea.  These  thjratrons 
ceased  to  be  cut  off  after  400*500  hours  of  pulsed  operation  with  the 
currents  to  1000  a.  it  turned  out  that  the  deionization  tiae  of  the 
thyratrons,  which  work  urdex  these  conditions,  considerably  excaeds 
certified/rating  value  end  increases  during  the  operation.  The 
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delay /ratarding/deceleiaticn  cf  tbs  process  cf  tbe  charge  of  the 
forming  line  by  700  ps  (with  the  aid  of  the  cfccke/thrcttle  with  the 
inductance  5  H)  weakened/attenuated  the  effect  cf  this  phencaenon  and 
the  real  service  life  cf  tnyratxcns  in  the  acdulators  increased  tc 
2-3  thousand  hours.  Subsequently  it  turned  cut  that  the  cases  when 
the  thyratcon,  which  mastered  1-3  thousand  heurs,  is  not  closed  after 
operating  pulse,  occur  sufficiently  rarely  -  1-2  tiaes  in  the  grids. 
The  arrangement  of  diagzaa,  which  in  such  cases  autcaatically 
disconnects  by  0.1-0. 2  £  rectifier,  aade  it  possible  tc  utilize 
thyratrons  of  aore  than  5  thousand  hours. 

For  the  enlistaent  cf  the  attention  of  person  on  duty  in  the 
case  of  breakdown  in  the  resenators  are  developed  the  diagraas,  which 
react  to  the  slope/trarsccndoctance  of  the  drep  cf  the  envelope  of  HF 
in  pulse/aoaen tua/pulse . 

Iaproveaents  in  the  systea  cf  vacuua  puaping,  introducticn  of 
bocster  pueps  BN-3  between  tbe  tore  puaps  and  the  high-vacuua 
aggregates/units,  and  also  the  replaceaent  of  eject cr  nozzles  cn 
puaps  M0T  to  the  steae-^et  ones  aade  it  possible  to  decrease  the 
acceleration  tiae  of  LG.  After  the  week  cf  preventive  works  (not 
connected  with  the  allcwence  of  the  ataospbcrc  into  the  jacket)  the 
evacuation  of  rescnatcrc  ter  the  irtrcducticn/in jut  of  HF  power 
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IS.  Linear  electron  accelerator  to  the  energy  2  GeV  of  FTI  of  AS 
CkSSR. 

V.  A.  Vishnyakov,  I.  A.  Grishcha yev,  Yu.  I.  Ccbrolyubov,  V.  H. 
Robezskiy,  V.  V.  Kondratenkc,  V.  1.  flyakct. 

(Physico-technical  institute  cf  AS  OkSSR). 

Linear  electron  accelerator  was  constructed  in  Kharkov 
physiotechnical  institute  of  AS  OkSSR  in  1965,  and  froa  this  tine  it 
successfully  works  on  the  wide  stuay  prograe  in  nuclear  physics  and 
physics  of  accelerators. 

Accelerator  represents  the  enoraous  couple*  of  the  systems,  froa 
the  aounted  work  of  each  of  whack  depends  the  possibility  of 
performing  work.  The  overall  diagram  of  accelerator  is  shown  in  the 
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Accelerator  consists  or  49  accelerating  sections  in  long  on  4.6 
a.  Each  section  is  excited  from  the  separate  pcwerf ul/thick  klystron 
amplifier.  Klystrons  with  exit  power  to  20  Myj  in  turn,  are  excited 
with  the  aid  of  the  thermostatically  controlled  waveguide  free  the 
main  master  oscillator  with  high  frequency  stability.  The 
impulse/monentun/pulse  cf  higa  voltage  by  the  duration  of  2.S  ms  on 
the  cathode  of  klystron  is  created  by  pulse  modulator  on  the  forming 
line  with  the  thyratrer  commutators.  Elactrcn  beam  is  formed/shaped 
in  the  injector,  which  accelerates  particles  to  4.5  HeV,  which  uses 
the  accelerating  structure  wicn  permanent  phase  wave  velocity.  The 
axisymnetric  magnetic  field  is  created  by  solenoid.  On  basic  part  cf 
the  accelerator  is  usee  the  system  of  guadrupcle  lenses  and 
diaphragms,  which  ensures  the  creation  of  the  phase  channel  of  a 
small  width  and  beam  shaping  with  a  small  emittance.  The  overall 
length  of  the  accelerating  system  is  240  a.  It  is  logical  that  for 
the  normal  operation  is  necessary  the  display  system  of  position, 
intensity  and  beam  shape.  As  such  systems  are  utilized  the  span 
magnetic-induction  position  detectors  and  current,  retractable 
screen-  flags,  covered  wicn  the  layer  of  phosphor,  image  on  which  is 
examined  with  the  aid  cz  the  television  systems.  For  the  correction 
cf  the  position  of  beax  Is  utilized  the  system  of  the  corrective 
coils. 


At  the  output  of  accelerator  the  bean  falls  into  formation 


DOC  =*  30069206 


FACS 


1 


systea.  The  system  of  beam  shaping  aakes  it  possible  to  generate  on 
the  target  "pure/clean"  electronic,  positron  and  photon  beans.  The 
basic  paraaeters  of  these  ceais  are  shown  in  Table  1. 

Positron  bean  is  obtained  cc  the  converter, 
established/installed  in  the  9tfc  section  where  with  the 
incidance/drop  on  the  tantaxua  target  of  electrons  with  the  energy  of 
250  MeV  is  formed  electicn-f esitrer  cloudburst.  Sith  corresponding 
change  in  the  phase  of  accelerating  field  the  remaining  part  of  the 
accelerator  accelerates  positrons. 

Photon  beams  are  termed  cn  the  thin  radiators,  then  they  ars 
cleaned  in  the  clean-up  systeas.  Because  of  a  small  emittance  of  the 
output  beam  on  our  accelerator  successfully  works  the  systea  of 
obtaining  the  polarized  quasi-mcncchroaatic  photons.  Photons  are 
formed  due  to  coherent  interaction  of  electrons  with  the  crystal  of 
diamond. 

For  the  time,  passed  from  the  starting  time  of  accelerator,  its 
many  systeas  are  perfected  and  iiprcved.  This  affected  the  resultant 
performance  characteristics  cf  accelerator.  Table  2  shows  a  change  in 
the  basic  paraaeters  of  accelerator  for  4  g.  and  for  the  first  half 
cf  1970. 

Table  1  shows  changes  in  tne  operating  characteristics  of 
accelerator  for  the  same  time.  Sufficiently  characteristic  numeral  is 
the  flow  rate  of  electric  power  pen  the  hour  cf  experimenter's  work. 


Fig.  1.  The  diagraa  of  linear  alectron  accelerator  to  the  energy  to  2 
GeV:  1)  cryogenic  housing;  2}  ccntiol  panel  cf  bubble  chaaber;  3) 
hydrogen  bubble  chaaber;  4)  tna  hall  of  spectroaeters ;  5)  physicists' 
panel;  6)  the  panel  for  conclusicn/output;  7)  protection;  8)  the  hall 
of  beaa  shaping;  9)  phctca  targets;  10)  the  deflecting  aagnet;  11) 
guadrupoles;  12)  protection;  11)  is  sew  that  retracting;  14) 
experiaental  hall  on  tte  straight/airect  bundle;  15)  central 
accelerator  frequency;  U)  photon  target;  17)  pcsitron  target;  18) 
electron  source;  19)  vectilaticn  acusing;  PP  -  straight  line  cf 
bundles;  OP  -  once  turrad  beaa;  CP  -  twice  turned  beaa. 

Key:  (1).  Chaaber  of  scattering.  (2).  Eguipaent  rooa.  (3). 
accelerating  systee.  (Q) .  hall  cf  high- frequency  oscillators.  (5). 
kv.  (6).  Console. 
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Table  1.  Paraaeters  of 
energy  to  2  GeV  (as  cf 
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Key:  (1).  Paraaeter.  (2).  Unit  aeasureaent.  (3).  Value  parameter. 

(4).  Electron  beaa.  (5).  Energy.  (6).  GeV.  (7).  Energy  spread  at  the 
level  0. 5  I  aaz.  (8)  .  iverage/aean  output  current  of  accelerator 
(swing).  (9).  Ml.  (10).  fulse  output  current  cf  accelerator  (swing). 
(11).  aA.  (12).  Duration  of  safe  pulse.  (13).  ms.  (14).  Frequency  of 
aessages  aaxiaua.  (IS)  .  iap./s.  (16).  Sizes/diaensicns  of  beaa 
(diaa.)  at  output  of  accel.  (18).  Iverage/aean  current  on  target  of 
spectroaeter.  (19).  Size s/di aen sic ns  of  teaa  on  target  of 
spectroaeter.  (20).  Prclcnged  pulse  of  current  cn  target  of 
spectroaeter.  (21) .  Stability  cf  pcsition  of  beaa  on  target  of 
spectroaeter  for  8  hears. 

(22) .  Stability  of  current  on  the  target  of  spectroaeter  for  8  hours, 

(23) .  Divergence  of  current  cn  target  of  spectroaeter.  (24).  rad. 
(25).  horiz.  (26).  vert.  (27).  fiuantity  cf  cutoffs/disconnections  of 
sections  in  hour  of  that  sew  with  35-45  operating  sections.  (28)  . 
dev./h.  (29) .  Background  noise  level  froa  electron  beaa  in  place  of 
target.  (30).  akr.  s.  (31).  feaa  cf  positrons  at  output  of 
accelerator.  (32).  Sizes/diaensicns  of  beaa.  (33).  Angular 
divergence.  (34).  on  horizontal.  (35).  on  vertical  line.  (36). 
Intensity  of  beaa.  (37).  paxt./s.  (38).  Batic  of  intensity  of 
positrons  at  output  of  accelerator  to  intensity  of  electrons  on 
converter.  (39).  Photor  bean  at  output  of  accelerator  *. 

FOOTNOTE  *.  It  relates  tc  the  electron  beaa:  E*1400  HeV,  1  sr.»0.5 
mA,  AS/E* 4o/o  at  the  level  0.1  I  aaz,  0 teaa  -  0.6  ca.  E NDFOCTNOTS. 
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(40) .  Intensity.  (40a).  cguiv.  pct./s.  (41).  Angle  of  colliaation. 
(42).  Von.  (43).  it  is  less.  (44).  Polarized  quasi-monochroaatic  beaa 
cf  photons.  (45).  Phctcn  energy.  (46).  Total  intensity  of  photons. 

(41)  .  eqniv./ain. 

(48).  Polarization  witfc.  (49).  Eivergence  of  beaa.  (50).  Angle  of 
colliaation.  (51).  Accuracy  of  reading  of  angle  ir  gcnioaeter.  (52). 
s.  (53).  thickness  of  target  (diaacnd).  (54).  ca/rad.  length. 

Page  68. 

Because  of  the  iaproveaents,  introduced  into  the  aodulators,  to  an 
iaproveaent  in  effecti veress  and  reliability  cf  operation  the  flow 
rate  of  electric  power  vas  reduced  with  5.  42  HAW  of  hours  in  1966  to 
3.25  M(/v)  of  hours  in  1969.  is  visible  a  systematic  increase  in  the 
indices  of  accelerator. 

Should  be  noted  basic  iaproveaents  and  iaproveaents,  aade  for 
this  tiae  on  the  accelerator. 

At  first  of  work  in  1965  on  the  accelerator  was  discovered  the 
phenoaenon  of  the  shortening  cf  current  pulse,  connected  with  the 
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excitation  in  the  accelerating  syscea  NEB-11  cf  wave  by  the  flying 
beaa.  The  large  length  cx  the  accelerating  systea,  the  peraanent 
structure  of  sections  arc  high  quality  contributed  to  the  developaent 
cf  instabilities  and  lisited  cctput  current  cf  accelerator  0.3  *jA. 

Por  eliminating  this  phexoaenon  ne  established/installed  in  the 
beginning  of  the  accelerator  of  section  with  the  secticns/cuts  on  the 
disks,  divided  into  5  subsecticss.  In  conjunction  with  an  iaproveaent 
in  the  focusing  this  raised  the  aaxiaua  accelerated  current. 

Iaproveaent  on  the  aoaulatcrs  -  the  equalization  of  flat/plane 
part  -  and  an  iaproveaent  in  the  stability  of  excitation  systea  they 
led  to  an  essential  inprcvenenc  in  the  energy  spectra.  The 
introduction  of  narrow  phase  channel,  additionally  decreasing  the 
spectrua,  substantially  iapxcved  the  eaittance  cf  beaa  at  output  of 
accelerator. 

Is  aade  the  large  ccaplex  of  works  cn  an  increase  in  the 
reliability  of  the  systcas  cf  accelerator,  and  at  present  the 
general/coaaon/total  flea  of  failures  on  to  systeas  is  lowered  to  the 
low  values.  The  total  the  flow  cf  failures  on  the  average  in  5  aonths 
of  1970  coaposes  0.1  failure/beex  cf  work  along  all  systeas  and 
additionally  0.06  failnre/hcur  cn  all  aodulators.  At  the  saae  tiae, 
it  is  probable,  the  way  cx  snail  iaproveaents,  beginning  frot  scan 
noaent/torque,  it  will  pxcve  tc  be  barely  effective. 
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Table  2.  Changes  in  sobs  paraaeters  of  linear  electron  accelerator  cn 
2  GeV  in  1966-1970. 
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Key:  (a) .  Parameter,  (fc) .  Unit  measurement.  (c) .  1970  in  S  months. 

(1)  .  aange  of  wording  energies  actual.  (2).  Gev.  (3).  Energy  spread 
at  the  level  of  1  eaiisua.  (4).  Maximum  pulse  current.  (4a).  aA. 

(5) .  Limiting  value  of  average/scan  output  current  cf  accelerator. 

(6) .  mA.  (7).  Eaittance  (90o/o  of  particles).  (7a).  aa  arad.  (8). 
Transverse  sizes/diaensiens  cf  teas  at  output  of  accelerator.  (9). 
Duration  of  pulse  current  on  target  of  spectrcaeter .  (10).  ms.  (11). 
Quantity  of  cutoffs/disccnnacticns  of  klystrons  in  hour  (average/aean 
value).  (12).  dev./heux. 

Page  69. 

In  connection  with  this  teases  -  out  to  raise  a  guestion  about  the 
path  of  aost  advantageous  change  of  the  characteristic  of  accelerator 
in  the  future.  In  this  case  it  is  possible  to  discuss  different 
stages,  including  very  rtaoved  at  the  tiae.  As  the  basic  essential 
points  it  is  possible  tc  isolate  toe  following  groups  of  factors:  a) 
the  iaproveaents  in  the  paraaeters  of  beaa  at  the  fixed /recorded 
soaent  of  tiae,  connected  with  an  improvement  in  the  stabilization  of 
high- frequency  fields  and  feza  cf  clusters  both  during  the 
iapulse/aoaen tua/pulse  acd  frea  one  iapu lse/icaentua/pulse  to  the 
next;  b)  an  iaproveaent  in  the  accelerating  systea  for  the  purpose  of 
an  increase  in  the  liaiting  current,  being  liaited  by  the  effect  of 
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the  explosion  of  beaa,  «n  iaproveaent  in  the  fall-iced  saturation 
curves  of  sections;  c)  ac  increase  in  th«  duration  of  current  pulse 
and  connected  with  this  increase  in  the  duration  of  the  pulse  of 
high-frequency  field;  a)  the  creation  of  new  cnes  and  the  iaproveaent 
cf  the  operational  systaas  cf  soaping  of  the  accelerated  beaa. 

The  enuaerated  hoiks  virtually  can  be  accoaplished/realized 
without  prolonged  accelezatcr  shutdowns,  in  this  case  it  is  lcgical 
that  the  cost/value  anc  the  latex  expense  of  these  all  works  is 
different. 

Achieveaents  recently  on  the  accelerator  of  the  value  of  energy 
spread  ♦-Q.15o/o  on  the  kali-height  of  the  spectrua  due  to  the 
creation  of  narrow  channels  show  that  by  this  aethod  it  is  possible 
to  obtain  still  essential  advance.  It  is  easy  tc  show  that,  if  we 
ensure  frequency  stability  of  bign-frsquency  field  net  worse  than 
5.  10”*,  the  phase  width  cf  cluster  of  approxiaately  0.5°  and  the 
stability  of  high-frequeccy  field  at  the  level  0.05c/o,  it  will  be 
possible  to  obtain  the  f ull/total/coaplete  spectra  not  worse  than 
0.  lo/o.  For  achieveaent  cf  this  it  is  necessary  to  iaprove  the  aaster 
oscillator,  to  introduce  the  stabilization  systea  of  the  pulse  apex 
cf  aodulators,  to  reaove  noises  in  the  klystrons  and  to  inject  new 
effective  injectors. 
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An  improvement  in  the  accelerating  system  can  go  in  two 
directions:  the  setting  up  of  the  instead  of  acting  sections  cf 
sections  with  the  cress-shaped  sections/cuts  with  the  magnetic 
fields,  created  by  solenoids,  anc  setting  up  in  the  initial  part  of 
the  accelerator  of  10-2C  sections  with  the  permanent  gradient,  also 
with  the  solenoids.  These  actions  sust  increase  limiting  current  tc 
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Table  3.  Operational  indices  of  the  work  of  linear  electron 
accelerator  on  2  GeV  fic«  1966  through  1970. 
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Key:  (1).  Designation  c t  works.  (2).  1970  in  5  acnths.  (3). 

Calculated  (planned/ gl iae)  operating  tiae  (f  oll/total/coaplete)  .  (4). 
hour.  (5) .  Operating  tiae  to  research  prcgraas,  including  physics  of 
nucleus  physics  c£  accelerator.  (6).  Tiae  tc  investigations  in  o/o  to 
estiaated  tiae  of  operation  (actually).  (7).  Production  tiae  of 
accelerator  with  beaa.  (6) .  Operating  tiae  cf  accelerator  between 
cessations  on  preventive  works.  (9).  days.  (10).  Tiae.  spent  by 
operator  on  change  in  energy  on  targets  to  SOc/o  (on  the  average  of 
hours)  . 

Page  70. 

The  only  deficiency/ lack  in  the  sections  with  the  constant  gradient 
is  an  increase  the  tiae  cf  filling  of  section  elect roaagnetic  field. 
In  connection  with  this  cne  cf  the  aost  efficient  factors  cf  an 
increase  in  the  average/aean  current  of  accelerator  is  an  increase  in 
the  duration  of  the  pulse  cf  klystrons  and  gun. 

it  present  virtually  of  2.5  jjs  the  iapulse/aoaentua/pulse  of 
klystron  in  the  overall  "window",  which  ensures  the  best  paraaeters 
cf  beaa,  it  reaains  only  1-1.3  j.s,  since  0.8  f. s  departs  n  the  filling 
cf  waveguide  with  field  and  still  several  the  tenths  are  expended  on 
the  insufficiently  gccd  synchr ccizaticn  and  the  unsatisfactory 


i 
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duration  of  the  flat/plsne  part  of  the  iapulse/moeentun/pulse  of 
klystrons.  In  connection  with  this  an  increase  in  the  duration  of  the 
pulse  of  high-frequency  field  tc  10  ms,  increasing  power  on  the 
klystron  4  times,  virtually  8-10  times  will  increase  average/aean 
current.  However,  naturally,  for  tnis  it  is  necessary  to  conduct  the 
replacement  of  all  modulators  oi  klystrons.  After  the  replacanent  of 
the  modulators  of  the  first  sections  and  amplification  of  power 
engineering  of  accelerator  further  replacement  of  modulators  can  it 
is  conducted  on  the  cpcxatiac  accelerator.  Finally,  the  creation  of 
the  new  systems  of  formation  in  the  new  and  old  halls  will  make  it 
possible  to  in  the  best  way  utilize  working  hours.  A  number  of  our 
new  systems  includes  the  introduction  of  the  "jumping”  photon 
targets,  which  makes  it  possible  tc  conduct  simultaneously  works  on 
the  photons  and  the  electrons  in  two  halls. 

Perfection  of  optics  m  formation  system  and  improvement  in  the 
power-supply  systems  of  magnets  will  sake  it  possible  to  actually 
generate  beams  in  the  area  whose  diameter  is  not  more  than  1  am. 

The  basic  parameters  of  accelerator  after  accomplishment  of  all 
outlined  measures  are  shewn  in  lable  4. 

It  seems  to  us  that  with  an  increase  in  the  power  of  beaa 
increasingly  essential  will  be  manifested  the  effect  of  the 
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reliability  o£  systaas  and  ease  ci  control  cn  the  possibilities  of 
experiaent.  Therefore  ccrsideratle  attention  aust  be  given  tc 
questions  cf  the  overall  autcaaticn  of  control  of  accelerator.  It  is 
possible  to  assume  that  tne  proposed  path  is  not  aaxiaun.  Prctably, 
due  to  the  iaproveaent  ct  me  stabilization  systems  and 
high- frequency  supply  even  nch  tc  actually  pose  the  problen  cf 
obtaining  on  the  accelerator  of  cur  type  of  electrons  with  the  energy 
spread  is  not  sore  that  IQ”*  vith  the  high  high-frequency  efficiency. 
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Table  4.  Paraaeters  of  Hharxcv  linear  electron  accelerator. 
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Key:  (1).  Parameters.  (2).  Data  or  1970.  (3).  Data  after  execution  of 
all  prograas.  (4).  Energy  ot  electrons,  laxiaua.  (5) .  GeV.  (6).  Width 
cf  spectrua  at  the  level  0.5  I  saximua.  (7).  Current  (pulse, 
aaxiaua).  (8).  aA.  (9).  frequency  of  messages,  aaxiaua.  (10).  Hz. 

(11).  Duration  of  current  pulse.  (12).  ms*  (13).  Current  average/aean 
worker.  (14).  pA.  (15)  .  Power  or  beaa.  (16).  kw.  (17).  Transverse 
sizes/di  mansions  of  beam.  (18).  Divergence,  aaxiaua.  (19).  rad.  (20). 
Duty  factor  with  respect  to  current.  (21).  Duration  of  hf  pulses  at 
the  level  0.9.  (22).  Duration  cr  pulse  of  excitation.  (23).  Tine  of 
continuous  operation  tc  cessaticn  to  preventive  aaintenance.  (24). 
torr.  (25) .  Time  of  coctinucus  operation  to  cessaticn  to  preventive 
maintenance.  (26).  hour.  (27).  Gccd  time  with  keaa  per  annua.  (28). 
Possibility  of  siaultanccus  work  cn  beaa  of  several  groups.  (29).  It 
will  be  provided  in  cciplex  wita  new  halls.  (30).  Ho.  (31). 
Feliability  of  work  cf  tte  accelerator.  (32)  .  It  is  better  than  90o/o 
average  in  year. 


FOOTNOTE  *.  During  the  replaceaent  of  50  sections  to  the  new  ones. 
ENDFOOTNOTE. 
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16.  Sapid  booster  -  injeczcr  or  proton  synchrotron  1FVE. 

A.  0.  Arteaov,  V.  I.  Baltetov,  V.  p.  Belcv,  A.  A.  Vasil’yev,  P.  A. 
Vodop'yanov,  0.  A.  Gusev,  A.  a.  Ivanov,  Ye.  G.  Koaar,  A.  A.  Kuz'ain, 

e 

E.  A.  Larionov,  I.  P.  Sal'fsbev,  a.  A.  aonoszon,  /2.  A.  ayae,  L.  L. 
Eal'nsJciy,  B.  V.  Bozhd «st vensui j ,  A.  a.  Stolcv,  Xe.  P.  Troyanov,  V. 

A.  Titus,  G.  a.  Pedotov,  ?.  A.  fefelov,  I.  A.  shukeylo. 

(Scientific  research  institute  c i  the  electrcphysical  equipaent  la. 

C.  v.  Efreaov,  institute  or  hign-energy  physics,  radio  engineering 
institute  of  the  AS  USSE,  state  onion  design  institute  GRAB) . 

In  the  present  report  are  given  soae  designed  considerations  by 
construction  of  the  basic  systeis  cf  rapid  booster  -  the  injector 
whose  davelopaent  was  the  result  or  studying  the  general/coaacn/total 
problaa  of  a  sharp  increase  in  tie  intensity  cf  proton  synchrotron 
IFVE  [ 1  ].  Soae  questions,  which  relate  to  the  separate  systeas  of 
booster,  are  in  detail  described  in  reports  [2,  3]. 

The  high  intensity  cf  the  accelerated  particles  (1.7«10»* 
pretons  per  pulse  at  the  repetition  freguency  of  25  hertz)  with  the 
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United  (*>100  n)  periaeter  detaraines  constructive  solutions  and 
operating  nodes  fron  the  efficient  systens  cf  booster. 

The  selection  of  nagnetic  structure  POPDCD  with  16 
elenent s/cells  of  periodicity  and  acceptance,  which  corresponds  to 
the  acceptance  of  aain  accelerator,  is  caused  by  the  aininal  sizes  of 
the  cross  section  of  nagnet  and  ty  the  length  of  gaps /intervals  (1.1 
and  2  a)  between  the  units,  sufficient  for  pcsitioning/arranging  10 
accelerating  stations,  the  eguipient  of  the  introduction  systens  and 
conclusicn/output,  correction,  acnitoring,  etc.  The  hardness  cf 
nagnetic  systea  is  aaxiaca  for  C-snaped  aagnets  without  the  neutral 
poles.  Por  convenience  in  input  and  output  of  particles  the 
fraae  works  of  all  units  are  turned  inside  the  ring.  The  wide 
intervals  between  those  defocusicg  to  seaiblccks  they  are  preferable 
both  for  the  systea  cf  ccnclcaicn/output  and  for  the  aore  optiaua 
cross  section  of  the  clesbers  cf  rescnatcrs. 

Due  to  the  effect  cf  space  charge  at  the  large  intensity  will  be 
coaparatively  large  the  scatter  cf  frequencies  of  the  betatron.  Pig. 

1  shows  the  lines  of  resonances  and  the  possible  positions  of  the 
region  within  which  are  located  the  frequencies  of  betatron  at  the 
■oaent  of  the  cycle  when  the  scatter  of  frequencies  is  aaxiaua.  The 
repeated  intersection  cf  anharacnic  resonances  can  inersaae  the 
transverse  sizes/diaensicas  cf  leas  tc  ecd  cf  the  acceleration  in 
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comparison  with  the  calculated  csss.  This  will  lead  to  the  losses  of 
particles  upon  the  injection  intc  lain  accelerator  or  during  the 
conclusion/output  froa  it.  Therefore  to  tha  straggling  of  the 
nonlinearity  of  the  magnetic  rield  of  booster  are  presented  stringent 
reguireaents  [4]. 

In  tha  interval  of  tne  variation  in  the  aagnetic  field  1.33-9.55 
kg  the  basic  source  cf  acnlinaanty  can  be  the  nonlinearity  cn  the 
ends/faces  of  units  anc  in  tie  region  between  the  focusing  seaiblocks 
whcse  contribution  grcvs/nses  at  the  relatively  snail  length  of 
units.  It  is  proposed  experimental-design  aethod  to  conpensate  for 
these  nonlinearity  in  ertxre  operating  range  of  fields  by  the  special 
selection  of  profiles/airfaiis  cn  the  ends/faces  and  between  the 
seaiblocks. 

Another  source  cf  nonlinearity  can  be  aetallic  vacuua 
chaaber/caaera.  At  presect  ace  eaaiined  two  pcssible  versions  of  the 
chaaber/canera:  froa  alunaaceous  ceraaics  (Ae,  o,  )  and  the 
thin-walled  corrugated  chaaber/caaera  froa  the  nickel  alloy  with  the 
high  specific  resistance  (Fig.  i), 

Ceraaic  chaaber/caaera  satisfies  all  reguireaents.  bat  relative 
to  it  is  expensive.  Hetallic  cnaaber/caaera  froa  the  seaalesa  pipe 
with  a  thickness  of  0.25  aa  in  beight  of  corrugation  6  aa  and 


i 

I 


DOC  -  80069206  EAC-£ 

steps/pitches  3  as  is  satisfactory  from  the  feint  of  view  of  the 
attenuation  of  field  and  heating*  hut  it  is  net  thus  far  found  a 
constructive  solution  fer  the  expanded  sections  cf  chaaber/caaera  cn 
the  input  and  the  output  fee  a  tae  booster.  Is  feasible  the  ccabined 
version  of  vacuua  chanter. 

Together  with  the  correction  only  scae  of  the  coapcnents  of 
field*  which  usually  eaerge  beyend  the  peraissible  liaits  in  proton 
synchrotrons*  and  the  correction*  connected  with  the  selection  of  the 
cptiaua  aodes/conditions  of  tccster*  probably*  it  will  be  required 
linearity  correction  of  aagnetic  field  for  the  purpose  of  the 
decrease  of  the  force  cf  scae  arharaonic  resonances.  For  these 
purposes  are  provided  fer  the  corrective  eleaents/cells  with  the 
identical  iaplicit-pcle  aagnetic  circuits*  the  characterized  by 
excitaticn  windings  (dipcles*  quadrupoles,  sextupoles*  and 
octuooles) .  Their  replaceaent  can  be  conducted  without  the 
deterioration  in  vacuua. 

with  the  current  cf  linear  accelerator  100  tpi  [5]  and  the 
effectiveness  of  injection  and  capture  by  60-70o/o  for  obtaining  the 
intensity  1*  7*  101*  protons  and  the  ispulse/soaentue/pulse  it  is 
sufficient  3-4  -  reverse  injection. 
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Fig.  1.  Diagram  of  tha  staiu.li.ty  cr  transverse  vibrations:  1)  linear 
the  resonances  of  the  1st  and  the  2nd  order;  2)  anharaonic  resonances 
cf  tha  3rd  order;  3)  arhacacnic  resonances  of  the  4th  order. 
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Pig.  2.  Section  of  vacnua  caaaoer. 

Key:  (1).  view.  (2).  View  6  end/face.  (3).  View  A  is  turned  Ml:2. 

(4).  it  is  turned.  (S).  is 

Page  73. 

Is  theoretically  developed  the  resonance  diagrae  of  the 
introduction/input  of  teas  into  the  phase  space  cf  radial  betatron 
cscillations  (Q.,“3.5  epen  the  injection)*  that  involves  the  changing 
in  the  tiae  local  distortion  cf  eguilibriua  orbit.  The 
introduction/input  of  launching/starting  with  the  eaittance, 
aisaatched  with  the  acceptance  cf  booster;  aakes  it  possible  to 
bridge  the  region  of  the  strongly  nonlinear  fields  of  the  focusing  cn 
a  radius  units.  Local  distortion  cf  orbit  and  change  in  the  frequency 
cf  betatron  for  the  period  of  injection  proposes  to  use  by  ferrite 
tagnets  and  lenses  with  the  single-turn  excitation  windings.  For  the 
purpose  of  the  decrease  cf  the  effect  of  space  charge  on  the 
effectiveness  of  injecticn  is  assuaed  naxiaua  filling  of 
chaaber/caaera  in  the  vertical  cir action,  lith  this  aore  effectively 
is  utilized  elliptical  cross  section  of  chaaber/caaera. 


The  acceleration  cf  protons  is  intended  to  accoaplish  10 
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accelerating  stations  (2  o t  than  -  stand-by),  which  involve  the 
reconstructed  resonators,  fiearrangeaent  in  the  frequency  is 
accomplished  by  the  magnetic  biasing  cf  the  ferrite,  filling  the 
resonators.  The  accelerating  station  consists  of  two  coaxial 
cavities,  excited  on  tie  TEH  wave  and  operating  in  the  antiphase  to 
cne  clearance.  The  frequency  range  of  accelerating  voltage  0.83-2.79 
HHz  with  eultiplicity  1  is  close  to  the  frequency  range  of  aain 
accelerator  [3].  The  aaxiaus  aaplitude  of  accelerating  voltage  of 
65-70  kV/rev.  corresponds  tne  aaxiaua  of  s.  of  the 

radial  size/diaension  of  separatrix  with  the  pulse  scatter  it  is 
provided  by  the  reducticc  of  the  axplitude  cf  accelerating  voltage 
upon  the  injection  to  1.5  KV/rav.  Calculated  capture  efficiency 
coaposes  62o/o.  In  concsn.  of  the  cycle  of  acceleration  by  a  change 
in  the  aaplitude  of  accelerating  voltage  is  regulated  the 
longitudinal  size/diaension  of  cluster.  For  the  purpose  of  weakening 
the  load  of  resonators  ty  bean  wita  modulation  of  stress/voltage  it 
is  proposed  to  use  the  ncnccphasal  supply  of  resonators. 

The  conclusion  of  particles  trca  the  bcoster  -  single-thread; 
cluster;  brought  out  frcs  the  bcoster,  fills  cne  separatrix  cf  aain 
accelerator.  The  diagram  of  ccnclusion/output  is  traditional  for  the 
preton  synchrotrons:  at  the  end  cf  the  cycle  of  acceleration 
eguilibriua  orbit  locally  is  distorted  in  the  radial  directicn  and 
beaa  with  the  aid  of  the  full-aperture  ferrite  iipact  magnets  is 
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thrown  into  the  deflecting  septus-aagnet ,  located  in  the  aaxiaua  of 
crbit  distortion. 

An  essential  special  f eaxure/peculiarity  of  the 
devices/equipment  of  tie  ccaautaticn  cf  bean  cn  the  input  into  the 
bocstar  and  the  output  frca  it,  and  also  during  the 
intro duct ion /input  into  aain  accelerator  is  the  mode  of  their 
cperation  with  the  repetition  frequency  25  Hz.  All  equipaent 
coaponents  aust  provide  cot  less  than  10s  activations  without  the 
replacement.  The  breaking  stress  to  which  can  be  calculated  at 
present  switching  eleaents/celis,  which  fore  lines,  etc.,  is  50  kV. 
with  the  required  fronts  30-150  ns  iapact  are  magnetic  necessary  to 
divide  in  the  section  (12-16  sections  in  iapact  aagnet  during  the 
introducticn/input  intc  aain  accelerator).  Have  liaitations  cn  the 
current  and  switching  eleaents/celis  (hydrcger  thyratron  -  to  3000 
A) .  However,  an  increase  in  tna  total  nuaber  of  eleaents/celis  leads 
to  a  decrease  in  the  reliability  ci  entire  systea.  Furthermore,  the 
inductance  of  introductions/ inpets  and  aagnets  becoae  ccaaensurable. 
At  present  are  studied  the  possibilities  of  the  iaproveaent  cf  the 
complex  articles  for  tteix  use  ic  this  acde/ccnditiccs  (oil  filling 
cf  cables,  stabilizaticn  of  the  paraaetexs  cf  tbyratrcns,  etc.),  the 
uses/applications  of  the  saall  strip  foraing  lines,  are 
developed/processed  low- induction  coaxial  intrcducticns/inputs  and 
resistors. 
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The  electro magnet  ci  booster  consists  cf  32  units  (Pig.  3) .  The 
construction/design  cf  units  in  essence  is  analogous  to  the 
electroaagnets  of  the  electron  synchrotrons  (Fig.  4) .  The  excitation 
cf  elactroaagnet  is  sinusoidal  vita  the  aagnetic  biasing.  Is  exaained 
[2]  the  possibility  cf  exciting  the  electroxagnet  by  nonsinusoidal 
current  in  order  to  decrease  one  aaxiaua  speed  of  field  change  and. 
consequently,  also  pceez  of  the  accelerating  stations. 

Unit  consists  of  5  str aight/airect  glued/ceaented  aade  cf  sheet 

a 

steel  ¥#-42  of  packets,  lae  pole  ox  extreae  packages  they  are  rounded 
on  tha  ends/faces.  Steady  transition  froa  the  focusing  seaiblcck  to 
that  defocusing  is  aade  in  the  average/aean  package.  This  aagnetic 
structure  aakes  it  possible  to  decrease  heating  steel  on  the 
ends/faces  of  unit  and  in  tne  transient  field,  to  decrease  the 
effective  nonlinearity  in  the  distribution  cf  aagnetic  field,  to 
stabilize  effective  lengths  in  entire  range  cf  fields  and  according 
to  the  results  of  the  seasureaents  of  aagnetic  characteristics  in  the 
pilot  aodel  to  correct  tefore  beginning  aass  production  the 
xelationship/ratio  of  the  lengths  cf  seaiblccks  by  the  aetbod  of 
aixing  along  the  aziauth  of  the  dividing  line  of  seaiblocks  without  a 
change  in  the  length  of  packages.  The  excitation  winding  of  unit 
consists  of  four  sections  cn  16  turns,  included  in  parallel. 
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Transposition  is  acconfiished/realized  on  2  units.  Araature  coils  are 
coil»d  fro*  the  square  copper  tube  with  section  13.5x13.5  aa*  with 
hole  for  cooling  water n.  In  tnis  case  certain  increase  in  the 
ohaic  losses  on  alternating  current  is  ccapensated  by  siaplieity  and 
reliability  of  construction/ design. 

B y  project  is  provided  for  the  possibility  of  the  work  cf  aain 
accelerator  both  with  the  infection  fron  the  linear  accelerator  1-100 
and  from  the  booster. 

Fig.  5.  shows  the  autual  location  of  booster  and  aain 
accel erator. 
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Fig.  3.  Section  of  the  tunnel  of  booster. 
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Basic  parameters  cl  the  bccster: 


Energy  of  the  protons  cf  37.5-1500  SeV. 


Intensity  in  the  iapulse/acmentui/pulse 


Repetition  frequency  of  the  cycles  *«£»  2 


i&i  y4jhS5?:-f' 


1.7*10**. 


Hz. 
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Orbit  circumference  eir  S9.16  a. 


Badius  of  curvature  ja-  7.87  a. 


Frequencies  of  the  betatron 


on  a  radius  3.2b. 


on  the  vertical  line  3.3d. 


Frequancy  of  revoluticc  0.  83-2.  79  HHz . 


Hultiplicity  of  radio- frequency  1. 


Raxiaua  accelerating  voltage  65-70  k7. 


A  nuaber  of  accelerating  stations  9*2  it  is  stand-by. 


Nuaber  of  eleaents/cells  of  periodicity  16. 


Nuaber  of  units 


32 
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Magnetic  structure  FCFGCE. 

Range  of  a  change  in  the  aagnatic  field  in  orbit  of  1. l 

kg. 

length  of  unit  on  iron  i.5  45  a. 

Height  of  the  electroaagnat  320  t. 

Aperture  of  vacuua  chanber  6.  dr  16  c«2. 


ITj*  - 


3-9.55 


Eressure  in  the  chaa fcer/ caacra  cf  booster 


2. 10“*  torr 
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proton  synchrotron  by  the  energy  70  QeV  ty  scans  of  an  increase  in 
the  energy  of  injecticr.  mis  cell.*  Vol.  I. 

2.  O.  A.  Gusev  et  al.  Special  raatures/peculiarities  of  tha 
construction  of  the  power-supply  systes  cf  the  electrosagnet  of  rapid 
booster.  This  coll.,  Vcl.  I. 

3.  F.  A.  7odop'yanov  et  al.  New  systeas  of  radio  electronics  and 
control  of  proton  synchrctrcn  ieve.  This  coll.,  Vol.  I. 

4.  V.  1.  Balbekov,  1.  A.  shuJceyic.  Sone  effects  of  space  charge  in 
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17.  Project  of  the  reconstruction  cf  proton  synchrotron  ITEF. 

L.  Z.  Barabash,  A.  7.  Earxfaudyar yan,  Yu.  A.  Bol’shakov,  n.  A. 

Veselov,  L.  L.  Gol'din,  V.  P.  Zavodov,  p.  R.  Zenkevich,  Yu.  fl. 

Zlatov,  I.  P.  Kleopov,  V.  7.  Kctstantinov,  D.  6.  Koshkarev,  Yu.  Ya. 

Lapitskiy,  P.  I.  Lebedev,  K.  K.  Cncsovskiy,  L.  1.  Sckolov,  Ye.  A. 
ye/ 

Sysoi,  a.  7.  Slielkancv. 

(Institute  of  theoretical  and  azperiaental  physics) . 

Target  of  reconstruction. 

The  reconstruction  c£  proton  synchrotron  ITEF  [1]  pursues  the 
following  targets:  7)  readjustment  of  magnetic  system  in  order  to 
create  the  sections,  fitted  out  ior  the  highly  efficient 
conclusion/output  initial  particles,  and  the  conclusicn/output  of 
particles  froa  internal  targets  at  angles  close  to  zero;  2)  an 
increase  in  the  energy  cf  protons  froa  7  to  10-11  GeV;  3)  an  increase 
in  the  frequency  of  cycles  fees  15  to  24  in  ain.  A  disadvantage  in 
the  present  structure  cf  accelerator  is  the  absence  of  straight 
sections,  fitted  out  for  t be  ccrclusion/cutput  of  particles.  After 
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reconstruction  in  the  structure  will  appear  two  long  (2.4  a) 
gaps/intervals  in  each  period  cl  aagnetic  sjstea  (Fig.  1)  .  The 
afterward  second  of  these  ga ps/intervals  usual  F  -  unit  with  the 
fraaework,  placed  outside  the  ring,  it  will  te  replaced  by  the  closed 
unit,  altered  fron  D  urit  (fig.  1).  Because  cf  this  in  three 
consecutive  aagnets,  which  fellow  after  the  second  long  gap/interval, 
the  frameworks  prove  tc  te  turned  inside  the  ring.  This  structure  cf 
aagnetic  systea  will  sake  it  possible  by  sisple  aeane  to  carry  out  a 
highly  efficient  (at  will  -  slew  or  rapid)  conclusion  of  the  proton 
bean,  accelerated  before  f ull/tctal/conplete  energy,  which  new  is 
inpossible.  Fron  such  caps/interwals  it  is  easy  tc  also  carry  out  a 
conclusion  of  secondary  particles,  generated  cn  internal  target.  In 
this  case  fron  one  target  it  will  ce  possible  tc  siaultaneously 
derive  several  beans  of  secondary  particles  cue  of  which  will  energe 
at  angle,  close  to  0°.  lie  ccnclusion/output  cf  secondary  particles 
fron  another  gap/interval  can  te  acconplished  at  angle  approximately 
13°,  i.e.,  approxinately/exenplaxily  in  the  Banner  that  now  is 
conducted  the  "universal  ccnclusicr"  of  secondary  particles. 

An  increase  in  the  energy  cf  teas  tc  11  GeV  will  nake  it 
possible  to  expand  the  field  of  resonances,  available  for  the 
investigation  on  the  accelerator,  and  gives  the  possibility  to 
produce  works  with  the  actiprotcns  and  the  antineutrons  which  are  now 
fornad  insufficiently  effectively  because  saxiauB  energy  of  particles 
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the  too  close  to  oscillation  feast  of  antinucleons. 

An  increase  in  the  frequency  cf  cycles  is  aore  than  one  and  a 
half  tiaes,  by  itself  represents  important  task,  since  dialing  rate 
cf  statistics  during  the  physical  experiaents  is  proportional  to  the 
frequency  of  cycles.  As  is  sneer,  an  increase  in  the  frequency  of 
cycles  usually  proves  tc  he  considerably  aore  usefully  than  an 
increase  in  the  intensity  of  teas. 

The  proposed  reconstruction  is  the  necessary  first  step/pitch, 
without  which  is  impossible  further  modernization  of  accelerator.  The 
second  step/pitch  of  aedernizataen  will  be  the  conclusion/output  of 
preton  bean  into  the  specxal  -  proton  -  housing,  calculated  fer  the 
work  with  the  priaary  fceaa  and  the  short-lived  particles,  generated 
in  the  housing  itself,  next  to  the  experiaental  installations.  The 
conclusion/output  of  priiary  baas  into  the  available  experiaental 
hall  becones  after  reccnstr ucticn  coapletely  feasible,  but  it  will  be 
hardly  advisable  due  tc  the  dxrfxculties  with  the  protection. 


ig.l. Magnetic  structure 
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Thus,  reconstruction  not  only  raises  the  frequency  of  cycles  and 
energy  of  protons,  but  also  exceeds  proton  synchrotron  1TEP  into  the 
conteaporary  accelerator  with  the  convenient  output  and  the  input  of 
particles  and  is  opened  the  way  for  future  acdernization. 

Structure  of  magnetic  systen. 

The  eagnetic  struct  ore  of  the  working  new  accelerator  contains 
112  aagnet  blocks,  fro  fchich  96  are  C  -  by  crits  and  14  X  -  units.  X 
-  boost  clusters  do  not  have  a  field  on  the  axis  and  are  guadrupole 
lanses.  C  -  units  as  foots,  so  also  turn  beaa.  Cf  98  c  -  units  56' 
they  defocus  beaa  on  a  radius  (C  -  units),  and  42  -  they  focus  (F  - 
units) .  All  14  x  -  units  foccssea  team  on  a  radius.  Magnet  blocks  are 
established/installed  on  the  special  plates/slabs,  making  it  possible 
to  aove  units  with  the  aejustaent.  Plates/slabs  are  sealed  in  into 
the  reinforced  concrete  ring,  which  forms  the  foundation  of  aagnetic 
systen. 

The  period  of  aagnetic  structure  after  the  rearrangement  (see 
Pig.  1)  contains  12  aagnet  blocks;  6  focusing  and  6  defocusing.  Of 


DCC  =  30069206 


CAGE  3^ 


t vent 7  gaps/intervals,  belonging  to  each  period,  two  are  long  (2.4 
a)  ,  two  -  extended  (C.6  a),  one  normal  (C.4S  a)  and  seven  short 
(0.  304  a)  . 

Two  long  gaps/intervals  togetner  with  their  dividing  pair  of 
units  fora  ainus-singl*  aatrix/die,  which  ensures  undisturbed 
transition  froa  the  previous  magneto-optical  channels,  containing  10 
units,  to  the  following  sucn  to  channel. 

One  of  the  units  of  each  period  -  the  first  focusing  unit,  which 
goes  after  the  second  long  gap/ interval,  is  dene  the  closed  type. 
Turned  inside  the  fraaswerh  these  units  do  net  interfere  with  the 
conclusion  of  particles  of  the  accelerator.  The  closed  units  are 
aanufactured  froa  existing  C  -  coost  clusters,  aaong  which  are 
excess,  while  F  -  units  are  not  sufficient. 

Accelerator  chaaber  is  retained  previous,  but  it  is 
shifted/sheared  into  the  region  of  large  fields.  This  shift  of 
chaaber/caeera  decreases  the  ratio  of  the  gradient  of  magnetic  field 
to  the  value  of  field  and  necessary  in  order  to  decrease  the  hardness 
of  focusing  (nuaber  of  oscillations  for  the  revoluticn).  Decreased 
the  hardness  of  focusitc  suet  cc  to  preserve  ssccth  envelope  of 
betatron  oscillations  is  the  presence  of  long  straight  sections.  The 
shift  of  chaaber /camera  to  the  side  of  large  fields  brings. 
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furthermore,  to  an  increase  in  the  middle  field,  and  it  aeans  and 
aaxinua  energy  of  accelerator  kith  the  saae  aaxiaua  coil  current  of 
■agnets.  Withdrawal  free  magnetic  system  X  -  units  does  not  affect 
aaxiaua  energy  of  accelerator,  since  these  units  do  net  have  a  field 
on  the  axis.  At  the  save  tree  reac val/distance  X  -  units  decreases 
the  inductance  of  ring  (by  14o/o)  and  is  decreased  its  resistance 
(almost  doubly).  The  decrease  or  tke  impedance  cf  magnetic  system 
contributes  to  an  increese  in  tie  number  of  cycles. 

Here  it  must  be  noted  that  the  frequency  of  cycles  in  the 
present  accelerator  is  limited  by  not  so  much  magnetic  systex  (and  by 
the  power  of  feeder) ,  as  by  ine tract iven ess  of  the  accelerating 
system  on  span  tubes.  Ike  replacement  of  these  tubes  by  resonators 
and  the  decrease  of  the  iapedance  cf  magnetic  system  make  it  possible 
to  raise  the  frequency  cf  cycles  frea  IS  to,  at  least,  twenty  four. 

An  increase  in  the  frequency  cf  cycles  and  energy  of  accelerator 
leads  to  the  need  for  increasing  an  energy  gain  cn  the  revolution 
free  **4  to  **15  key.  This  increase  is  provided  by  the  replacement  of 
the  existing  accelerating  systea  on  drift  tubes  to  the  resonator 
accelerating  systea. 

In  this  case  appears  the  possibility  of  failure  of  the  feraatien 
cf  magnetic  cycle  with  peraanent  rate  of  rise  of  the  field. 


— 
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The  latter  fact  otters  the  possibility  of  replacing  the  existing 
power-supply  systea  of  the  magnet  of  accelerator  with  the 
electromagnetic  conversion  unit  to  the  supply  directly  from  the  power 
systea. 

Besides  simplicity  and  larger  reliability  this  power-supply 
systea  makes  it  possible  tc  work  with  the  persanent  frequency,  which 
in  turn,  strongly  simplifies  the  task  of  filtrating  the  field  to  area 
cf  aagnetic  cycle,  necessary  for  a  good  work  of  all  systems  of  slow 
team  extraction. 

Let  us  coapare  scse  characteristics  of  accelerator  before  and 
after  reconstruction.  Ihe  maximum  cf  the  aodulus/aodule  of  the 
function  of  floquet  after  rearrangement  somewhat  increases  and  it 
reaches  3.72  (to  rearrangement  1.91),  but  amplitude  -  furction 
virtually  is  not  changed.  An  increase  in  the  aodulus/aodule  cf  the 
function  of  floquet  leads  to  the  decrease  of  those  peraitted  the 
amplitude  of  betatron  cscillaticns,  which  decreases  the  acceptance  cf 
chaaber/caaera.  One  should,  however,  note  that  after  the 
rearrangeaent  of  machine  the  maximum  value  cf  the  aodulus/aodule  of 
the  function  of  floquet  for  the  racial  direction  attains  in  F  -  unit 
of  ainus-single  aatrix/die,  i.e.,  in  that  place  where  -  function 
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is  equal  to  0.2  ■.  In  the  remaining  units  the  modulus/module  of  tJie 
function  of  floquet  does  not  exceed  3  (see  Fig.  1). 

In  the  working  new  accelerator  the  Bariums  of  the  function  of 
floquet  and  ?  -  function  coincide.  This  fact  partially  coapensates 

the  losses,  connected  with  an  increase  in  the  aaplitude  of  the 
function  of  floquet.  Tie  at  tne  saae  time  Cculcmb  liait  of  the 
intensity  of  accelerates  after  rearrange  sent  decreases  and  will 
compose  1  *  10**  instead  cf  1.6«1Gl*  with  the  energy  of  injection  25 
BeV.  As  will  be  shown  below,  this  decrease  of  practical  value  does 
cot  have. 

After  the  rearrangement  the  accelerator  will  have  the  best 
characteristics  for  the  particles,  differing  with  respect  to  the 
iapulse/aoaent un/pulse  from  tne  scainal.  Let  us  point  out  first  of 
all,  that  the  coefficient,  which  is  detaraining  the  dependence  of 
frequency  of  betatron  cc  the  iapulse/moaentna/pulse,  proves  tc  be 
after  rearrangeaent  one  and  a  half  tiaes  less  than  now  (11  instead  of 
16).  Ths  decrease  of  this  coefficient  will  allow  particles  lenger  tc 
reaain  in  the  chamber/caaera  with  interaction  with  the  target,  which 
raises  the  output  of  secondary  particles.  Furthermore,  in  this  case 
is  expanded  permissible  variations  of  particles  on  the 
iapulse/moaentua/pulse  during  the  injection.  This  scatter  coaposes 
now  *-2. 2. 10-3  and  will  increase  after  the  reconstruction  of  aachine 
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to  *-5.  10“5. 


The  intensity  of  teas  in  the  accelerator  at  present  is  limited 
due  to  an  insufficient  guantity  cf  protons  in  the  necessary  interval 
np/p  in  the  beam,  going  ixci  the  linear  accelerator.  To  decrease  dp/p 
in  the  beats  contributes  cebunchex,  but  this  scatter  nevertheless 
rejects  by  excessive,  and  the  percentage  of  the  seized  particles  -  it 
is  insufficient  to  large  ones  (30o/o) .  The  high  Coulomb  limit  of  the 
existing  accelerator  therefore  cannot  be  used.  After  the 
rearrangement  of  accelerator  the  percentage  of  the  seized  particles 
subst antially  will  increase  and  the  intensity  of  beam,  in  spite  of 
certain  reduction  in  the  Cculcat  limit,  it  will  increase. 

Fage  78. 

Systems  of  correction. 


In  the  proton  synchroton  HEP  are  three  types  of  the  corrective 
windings:  the  supplementary  windings,  placed  cn  magnet  yoke,  the 
windings,  placed  on  surface  magnet  poles,  and  the  windings,  wound 

of 

around  the  neutral  pole.  The  first  serve  for  the  correction*7 13  and  14 

harmonics  of  the  magnetic  field  distortions,  whicn  are  now  the 

most  dangerous  ^the  second  -  rcr  the  correcticn  of  frequencies  of  the 
betatron,  for  eliminating  the  coupling  of  oscillations,  and  the  third 
-  for  the  distortion  ccrxecticn  <f  orbit  in  the  vertical  direction. 
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After  the  reconstruction  or  accelerator  the  corrective  windings, 
placed  on  aagnet  yoke,  axe  retained.  3y  thee,  after  the  appropriate 
changeover,  it  will  be  possible  to  amend  the  9th  and  eighth  haraonics 
cf  the  distortions  of  the  vertical  coeponent  cf  magnetic  field.  As 
already  mentioned  above,  pels  windings  after  the  reconstruction  of 
accelerator  will  be  distant.  Hardly  has  sense  to  retain  and  the 
windings,  wound  around  the  neutral  pole  The  functions  of  pole 
windings  will  perform  the  corrective  magnetic  lenses,  placed  in  the 
long  and  increased  gaps/inter vals.  Experience  of  operating 
accelerator  showed  that  for  obtaining  a  good  intensity  it  is 
necessary  in  the  field  of  injection  tc  produce  the  correction  of 
field  from  many  parameters.  At  the  same  time  at  the  end  of  the  cycle 
of  acceleration  for  obtaining  the  effective  ccnclusion/output  it  is 
necessary  (and  apparently,  sufficiently)  to  have  the  capability  to 
correct  frequencies  cf  betatron  in  the  limits  cf  the  whole  cage/cell 
cf  frequencies,  i.e. ,  it  limits  Aft^-tp.5;  AQ»iP,5.  At  present  we  do  not 
have  possibilities  fer  sc  streng  a  correction  cf  frequencies  at  the 
end  of  the  cycle,  but  it  is  desirable  to  obtain  it  after 
reconstruction. 

In  accordance  with  what  has  been  said  we  intends  to  place  in  the 
gaps/ inter vals  two  systems  cf  the  corrective  elements/cells.  cne 
system  consists  cf  16  gtadrcpole  lenses  (one  pair  each  on 
super  period) .  This  system  provides  the  correction  of  the  frequencies 
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cf  betatron  oscillation/ tibraticns,  and  also  16th  haraonic  of 
gradient  during  entire  cycle  cf  acceleration.  Earaaeters  of  the 
lenses:  the  length  of  25  ca,  the  aaxiaua  gradient  of  750  oersteds/ca, 
aperture  -  110  aa.  The  windings  cf  lenses  oust  provide  for  to  washing 
koth  direct  current  anc  ty  current  of  saw-tccth  fora.  For  the 
correction  of  field  in  the  beginning  of  cycle  are  provided  fcr 
special  aultipurpose  aagnetic  i eases  in  a  quantity  of  16  pieces. 

These  lenses  can  be  aade  in  tne  fora  of  the  cut  of  circular  duct  fron 
the  ferroaagnetic  material  uitn  a  length  of  30  ca  in  thickness 
approxiaately  5-7  aa.  Each  lens  test  have  3  types  of  the  windings, 
arranged/located  froa  inside  cl  duct.  In  this  case  each  winding  has 
its  law  of  arrangeaent  within  tne  duct.  The  first  winding  aust  create 
the  unifora  radial  aagtetic  field  (law  cf  ccil/winding  cos  *)  .  It 
serves  for  the  correction  of  the  closed  orbit  in  the  vertical 
direction.  The  second  type  cf  windings  creates  guadrupole  field  in 
the  azes/axles,  turned  cc  45°  relative  tc  the  adopted  systea  cf 
coordinates.  This  target  serves  for  correction  cf 

connection/coaaunicaticn  of  frequencies.  Type  of  coil/winding  cos  2*. 

The  third  winding  is  intended  for  the  cczrection  constant 
coaponent  quadratic  nonlinearity  cf  aagnetic  field.  The  conductors  of 

j 

this  winding  are  placed  within  the  lens  according  tc  the  law  cf  cos  ] 

i 
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18.  The  pulsed  operations  or  aicrotron  FE1. 

Yu.  Ya.  Stavisskiy. 

(physical -power  institute). 

aicrotron  group  of  fEi  (A.  1.  Abraacv,  G.  N.  Anikin*  V.  T. 

Vasin*  a.  A.  Klintsov*  Yc.  Ya.  Stavisskiy,  V.  F.  Filyayev,  Yu.  a. 
choporov)  is  developed*  fluiffec  and  is  operated  about  three  years 
pulsed  aicrotron  on  30  BeV  for  neutron  spectrcaetry  on  the  tiae  of 
flight  and  photonucleax  investigations. 

In  essence  the  cccstxucticn/design  of  aicrotron  PEI  is  analogous 
to  the  constructions/designs  cf  30-NeV  of  aicrotrcns  of  IFP  of  the  AS 
USSH  [1]  and  the  Joint  Institute  for  Nuclear  Eesearch  [2].  Colleagues 
of  these  institutes*  especially  S.  P.  Kapits*  v.  n.  Nelekhin  and  I. 

K.  Bator  rendered  essential  assistance  in  the  launch  procedure  of 
accelerator. 

The  special  featuxe/peculiarity  of  aicrctron  FEI  is  the 
use/application  cf  nonxatunable  resonator  with  cooled  covers/caps  [3] 
and  the  use  of  a  power-supply  systea  of  aagnetron  on  the  basis  of 
rigid  aodulator.  The  use/applicatrcn  of  the  ncnread ju stable  resonator 
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with  the  cooled  covers/caps  aaaa  it  possible  to  increase 
substantially  the  reliability  cf  its  cperaticn  and  service  life.  The 
developed  eethcds  of  a  precise  production  of  resonators  and 
sonitoring  of  their  para  asters  ensured  the  possibility  of  their 
use/application  with  the  virtually  nonread justable  10*  centiaeter 
vagnetrons  (fraquency  control  was  accoaplished/realized  by  a  aethcd 
of  changing  the  aagnetic  riela  in  the  aagnetron,  which  aakes  it 
possible  to  vary  frequency  in  the  Units  of  altogether  only  *3  of 
cegahertz  [3]. 

The  use  of  a  rigid  vacuua-tobe  nodulatcr  of  large  power  for  the 
supply  of  aagnetron  allowed  to  carry  out  the  new  aodes/conditions  of 
work  of  the  accelerator ,  wnicb  are  of  interest  for  the  series/row  of 
neutron  experiaents,  in  particular  for  the  analyses  of  neutron 
spectra  froa  (7,  n)  *  reaction  near  the  threshold  (see  for  exaaple, 
d) .  the  vacuua-tube  acdclator,  duration  and  the  pulse  repetition 
frequency  of  which  saocthly  they  are  varied  ever  wide  Halts,  Bakes 
it  possible  to  obtain  the  narrow  pulses  cf  the  accelerated  electrons 
and  high  repetition  frequencies. 

Page  79. 

For  the  investigations  (y,  n)  -  reactions  near  the  threshold  is 
necessary  the  energy  cf  electrons  10*12  flev.  iith  this  energy  the 
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niniaua  duration  of  the  pulse  of  tae  accelerated  electrons  (without 
the  loss  of  peak  intensity)  is  -SO  ns  (see  figure).  Prolonged 
experiaents  were  conducted  at  the  repetition  frequency  -3  kHz, 
duration  of  pulses  -10C  ns,  currents  in  the  iapulse/aoaentua/pulse 
>80-90  aA.  Por  the  beaa  extraction  of  the  electrons  of  energy  12  HeV 
the  resonator  was  shifted/sheared  inside  the  aagnet  with  the  aid  of 
the  waveguide  inset. 

An  iaproveaent  in  the  conditions  of  cooling  the  eleaents/cells 
of  resonator  will  allow,  apparently,  to  increase  substantially  the 
intensity  of  beaa  in  a  siailar  acde/conditicrs  and  to  approach 
according  to  average/aear  characteristics  M-a/r*  the 
powerful/thick  linear  accelerators  during  a  gcod  energy  resolution, 
characteristic  to  aicrctron  (-30  keV) .  In  any  case,  accelerative 
liaitations  lie/rest  ccnsideranly  above:  into  the  short-tera  the 
experiaents,  limited  by  the  heating  of  the  eleaents/cells  of 
resonator,  we  obtained  pulse  currents  tc  500  aA  for  the  duration  of 
50-100  ns  and  at  the  repetition  frequency  -8  kHz. 
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fata  of  the  current  pulse  ot  aodulatoc. 

Upper  curve  -  the  current  ci  target,  average/aean  -  current, 
cathode,  lower  -  reflected  by  resonator  of  SBf  wave,  one  division  cn 
the  horizontal  -  0.S  ps. 
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Cage  80. 

Session  III. 

Ionic  and  electronic  sources  direct  voltage  accelerators. 

19.  Effect  of  the  conditions  or  the  selection  of  ions  from  the  source 
on  the  distribution  of  phase  density  in  the  intense  icn  beaas. 

n.  A.  Abroyan,  v.  s.  Kuznetsov,  N.  P.  Auznegova,  a.  P.  Fidel 'slcaya. 

(Scientific  research  irsticute  of  the  electrcphysical  eguipeent  ia. 

C.  7.  Efreaov)  . 

Phase  volume  of  ict  beam  is  determined  in  essence  by  conditions 
of  the  selection  of  iocs  frca  the  source.  For  the  solution  of  the 
prcblea  of  increasing  the  phase  density  in  the  intense  beaas  it  is 
necessary  to,  first  of  all,  establish/install 

connection/coaaunicaticn  between  the  distribution  of  phase  density  in 
the  baaa  and  the  conditions  of  the  selection  cf  ions  froa  the  plasaa 
of  source.  The  redistribution  cl  phase  density  and  the  change  in  the 
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configuration  of  phase  vctluac,  nhich  occur  in  real  beans  [  1  ],  do  net 
sake  it  possible  to  unaatigucusly  interpret  tke  effect  of  the 
conditions  of  selection  tith  a  change  of  distributing  the  phase 
density  in  the  bean  section,  distant  fron  the  source.  The  aeasurenent 
cf  the  distribution  cf  (base  density  in  innediate  proximity  cf  the 
surface  of  plasna  is  extrenely  difficult  and  hardly  at  present 
possibly. 

In  our  investigations  according  to  the  aeasured  distribution  of 
phase  density  in  certain  bean  section,  distant  from  ducplasaatron 
type  source  [2],  numerically  bare  calculated  the  distribution  of 
phase  density  f,  of  the  configurations  of  transverse  phase  vclune  and 
density  distribution  of  current  for  the  bean  section,  close  to  the 
surface  of  plasna.  Per  the  calculation  was  utilized  the  nethed  of  the 
nunerical  solution  of  the  systea  cf  equations  of  the  self-consistent 
field  for  function  f,  described  in  works  [1,  3,  4]. 

For  aeasuring  the  tzansverse  phase  voluae  was  applied  the 
aodification  of  the  knows  aethed  of  four  slots  [5]. 

Here  investigated  three  groups  of  tasks  with  the  varied 
conditions  of  the  selection  of  iens.  The  paraeeters  of  the  aedes  of 
operation  of  ionic  scurce  for  these  cases  ace  uiven  in  the  Table. 

The  results  of  neasureaents  and  calculations  of  the  distribution 


cf  the  phase  density  arc  ether  parameters  cf  beaa  fee  the  first  gr^  ip 
cf  the  tasks  (see  the  lable)  are  transferred  in  Fig.  1. 
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Key:  (1).  Nusber  of  task.  (i).  Eeaa  currant.  (3).  Magnetic  induction, 
v,  HP.  (4).  Current  of  discnarge.  (5).  Extraction  voltage  u,  kV.  (6). 
Brightness  of  beaa  7  ( A/ u*  rad*)i1Q*. 

Page  81. 

In  this  case  changed  the  density  of  plasia  and  the  shape  of  surface 
of  emission  with  the  aic  of  a  change  in  the  current  of  the  discharge 
in  the  source.  Fig.  1  cites  density  distribution  or  current  and 
projection  of  transverse  phase  vcluaes  for  several  teas  sections,  and 
also  envelopes  of  the  investigated  beaas.  Calculated  envelopes 
correspond  to  the  data  cf  visual  observations  and  to  the  estiaations 
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cf  the  sizes/diaensicns  cf  beaas  in  source  according  to  the  iaage  on 
the  photographic  fila. 

Tha  configuration  cf  transverse  phase  volume  and  density 
distribution  of  current  unigualy  determine  the  shapes  of  surface  of 
plasaa.  The  qualitative  cnaractex  cf  tha  configurations  of  the 
emitting  plasaa  surfaces  for  the  investigated  cases  is  given  in  Pig. 
3.  Are  there  for  the  comparison  depicted  scae  siaplest  configurations 
cf  plasaa  surface,  usually  utilised  in  the  qualitative  examination  of 
the  selection  of  ions  frca  the  plasaa. 

In  Fig.  2  it  is  evident  that  the  real  surface  cf  plasaa  is 
complex  surface  with  the  variable  radius  of  curvature.  The  curvature 
cf  this  surface  can  have  different  sign,  in  these  cases,  as  is 
evident  in  Pig.  2,  the  extracted  ocas  has  ccaplicated  aultiple-speed 
structure. 

tha  bow  configuration  of  the  projection  of  phase  volume  (Fig. 

3c)  corresponds  to  plasaa  surface  kith  the  curvature,  which  decreases 
froa  the  edges  to  the  center  (is  pcssible  sign  change  of  curvature), 
and  to  bean  with  saddle-shaped  density  distribution  of  current. 

The  zigzag  configuration  oh  the  projection  cf  phase  voluae  (Fig. 
3b)  corresponds  to  plasaa  surface  kith  the  curvature,  which  increases 
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from  the  edges  to  the  center*  and  to  bean  with  funnel-shaped  density 
distribution  of  current.  Are  possible  the  acre  complicated  cases 
(Pig.  3a)  . 

*\ 

As  can  be  seen  frca  tne  given  results  (see  fig.  1)  ,  distributicn 
of  phase  density  and  ccr figuxatacr  of  the  projection  cf  transverse 
phase  volume  significantly  change  upon  transfer  froa  one  beaa  section 
to  another. 


) 
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Page  82. 

Invariant  upon  transfer  from  end  be aa  section  tc  another  is  the 
dependence  of  beae  current  1  on  tie  f our-disersicnal  phase  vcluee. 
Furthermore,  this  dependence  characterizes  the  brightness  cf  beam,  or 
the  current  density  in  the  phase  volume,  which  is  the  most  isportant 
stream  conditions  of  tb«  charged/ leaded  particles. 

Pig.  3  gives  dependences  I<V4)  for  all  investigated  cases.  Fig. 
3,  and  corresponds  tc  the  different  values  cf  the  current  of 
discharge  at  the  constant  values  of  the  remaining  paraaeters  cf 
source.  In  this  case  change  beth  density  the  plasma  and  the  form  of 
plasma  surface.  An  increase  in  the  brightness  cf  beam  with  an 
increase  in  the  current  cf  discharge  is  connected  with  an  increase  in 
the  density  of  plasma.  However,  as  has  already  been  spoken,  here  due 
to  the  distortion  of  plasma  surface  deteriorates  the  configuration  of 
the  projection  of  phase  volume,  which  brings,  in  spite  of  an  increase 
in  the  brightness,  tc  an  increase  an  the  effective  phase  volume  of 
beam. 


Fig.  3b  corresponds  to  a  change  in  the  extraction  voltage;  in 
this  case  changes  only  the  configuration  of  the  surface  of  plasma. 
Therefore  at  the  high  values  of  extraction  vcltage  the  brightness  of 
beam  falls  due  to  the  large  distortion  of  the  eaitting  plasma 
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Pig.  3c  corresponds  co  a  cnange  in  the  aagnetic  field,  which 
coepresses  the  discharge  in  the  ducplasaatrcn.  Since  in  the 
extraction  region  of  iens  aagnetic  field  is  absent,  the  increase  of 
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Discussion. 


I.  A.  Soloshenkc.  Eia  change  the  value  cf  phase  volume  eith  the 
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distance  fro*  the  source  or  cnl j  configuration? 

(1.  A.  Abroyan.  Focr-diaensicnal  phase  vcluae  was  retained, 
configuration  changed. 

A.  L.  (lints.  As  ycu  explain  in  the  second  figure  the  unusual 
behavior  of  curves  in  ccipariscn  with  first  and  third  figures  the 
latter  go  regularly,  acd  on  tne  average/aean  graph/curve  by  curved  2 
and  curve  3  they  intersecr. 

1.  A.  Abroyan.  Kith  a  change  in  the  extraction  vcltage  changes 
the  fore  cf  ardent  eaitter.  Open  tzansfer  frc«  30  *»  to  SO  kv  the 
fora  of  plasaa  eaitter,  cbvicuslj,  passes  threugh  the  optiaua. 

Xe.  Regenshtreyf .  is  invariant  the  dependence  of  current  on  the 
four-diaensional  phase  vcluae  in  the  case  of  different  phase 
distributions? 

(1.  A.  Abroyan.  Tes,  this  dependence  is  invariant  for  different 
distributiens,  including  for  Gaussian-the  Maxwellian. 

Zh.  for.  What  extraction  vcltage  and  what  geoaetry  you  did 
utilize? 
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a.  A.  Abroyan.  Extcacti.cn  voltage  varied  fros  30  k?  to  SO  kV. 
Sas  applied  the  expander  with  a  dianeter  of  ICO  ne. 

Ye.  Begenshtreyf .  is  all  wnether  cases  the  teas  was  axially 
sysaetrical? 

N.  A.  Abroyan.  Yes,  teas  was  axially  sysaetrical  in  all  cases. 
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20.  Development  of  the  source  of  the  polarized  ions. 

E.  P.  &d"yasevich,  V.  I.  Koaarov,  I.  Karasev,  V.  a.  Sokolniks,  7. 
N.  Fedorov,  B.  P.  Yatsenko. 

(Scientific  research  institute  of  the  electrophysical  equipment  ia. 

C.  v.  Efreaov) . 

Ye.  K.  Zavoyskiy's  proposition  about  obtaining  nuclear  polarized 
auto-aov  of  hydrogen  and  deuteraua  with  the  pickup  of  the  polarized 
electron  by  ion  [1],  according  to  our  estimations,  aade  it  possible 
to  hope  for  the  creaticc  of  tne  source  of  the  polarized  particles 
(IPCh)  -  the  protons  of  deuteiccs,  triton  and  ions  He3  -  with 
intensity  on  the  order  of  hundreds  of  microaaperes  [2].  However, 
nuaber  of  questions  required  experimental  check.  One  of  thea  -  the 
transportation  of  ion  bcaa  through  the  long  dielectric  channel  -  in 
the  principle  was  solved,  when  through  the  pyrex  tube  with  a  length 
cf  500  aa  with  the  opening/apertcre  the  diaaeter  of  9  aa  carried  out 
the  ion  beaa  of  hydrogen  with  the  current  3  ah  with  the  energy  40 
keV.  Has  constructed  tbe  axperisental  source  cf  the  polarized  "fast" 
atcas  of  the  deuteriua  tbe  principle  of  operation  of  which  was  shown 


Fig.  T.  The  schematic  diagraa  of  the  experiaental  source  of  the 
polarized  fast  atoas  of  actacn  1  -  radio-frequency  dissociator  with 
the  aicro-colliaator ;  2  -  four-tar ainal  aagnetic  lens  ;  3  -  T-shaped 
pyrez  tube;  4  -  solenoid;  5  -  radio-frequency  icn  source;  6  - 
electrostatic  unipotential  lens;  7  -  diaphrage;  8  -  eovable  eater  of 
the  current  of  ion  beae;  *  -  circular  theraicnic  cathode  of  electron 


gun;  10  -  anode  of  electees  gun;  11  -  electrostatic 
capacitor /condenser;  12  -  diaphraga;  13  -  aovafcle  diaphraga;  14  - 
chaaber  casing  of  reactions;  IS  -  zirconiua-tritiua  target;  16  - 
aster  of  bean  current;  17  -  sensors  of  radiation/eaission ;  18  - 


DOC  »  90069207 


{AGE  (7 


V 


nitric-titanate  puap;  {t,  P2*  E?  -  pressure  sensors;  I  -  team  of 
slew  atoas;  II  -  charged  particle  team;  III  -  teas  of  fast  atcas. 

Key:  (1).  Gas.  (2).  To  V.C.  tc  oscillator. 


Fage  94. 


Atoaic  beaa  with  lOOc/o  of  electronic  polarization,  shaped  with 
four-* terminal  aagnetic  lenses,  enters  in  T-  fera  the  pyrex  tube, 
placed  into  the  strong  aagnetic  field  of  solenoid.  Due  to  a 
difference  in  the  enterirg  and  outgoing  streaas  of  atoas  in  the 
T-shaped  tube  is  created  the  increased  concentration  of  the  polarized 
on  the  electronic  spin  atoas.  Icn  team  froa  the  radio-f reguency  ionic 
source,  shaped  with  electrostatic  single-potential  lens,  with  the 
energy  40  kev  are  passed  through  T-fora  tube  and  with  the  pickup  of 
the  polarized  electron  is  formed  the  beaa  of  "rapid"  atoas  polarized 
on  the  electronic  spin,  for  the  ccipensation  for  space  charge  of  ion 
beaa  in  T-fora  tube  it  is  injected  electron  beaa  with  the  energy  1 
key.  The  tenser  polarization  E3J  is  achieved  at  the  adiabatic 
conclusion/output  of  atoiic  beam  froa  the  aagnetic  field  of  solenoid. 
Estiaaticns  showed  that  for  the  undistorted  field  of  solenoid  the 
condition  of  adiabaticity  for  the  atoa  of  deuteriua  is  observed  up  to 
the  energy  in  2  He?.  With  the  flow  of  the  atoas  of  atoas/s  and 

the  ion  beaa  in  75  pA  is  obtained  the  atonic  beaa  in  2.2  equivalent 


3^ 

pA  with  P33=0. 07*-0. 03.  So  Ice  a  value  of  value  P33  is  caused  in 
essence,  by  two  reasons:  first,  by  high  intensity  of  atoaic  teas  from 
the  neutralization  of  icns  (capture  of  electccn)  on  aolecules  and 
atoas  of  residual/reeansnt  vapors  and  gases;  in  the  second  place,  the 
activity  cf  the  surface  cf  tuba  to  the  processes  of  the 
depolarization  of  the  atcas  cf  gas  target  during  the  boabardaent  of 
surface  with  the  pact  ct  the  ices  cf  beaa.  iith  an  increase  in  the 
intensity  of  the  passing  ion  teas  E33  it  falls  (Fig.  2) . 

Further  progress  ct  this  type  IPCh  is  connected  with  the 

considerable  decrease  cr  the  scatter  of  icns  cn  the  speeds  and 

•i *-h  the  reduction  of  the  concentration  of  unoo'  ari  ted  in  ‘■he 

:  ;ct  b’f  an  o-de"  naonitude. 

The  snhlvsis  of  the  advances  in  the  field  o'*  creating  IPCh 
‘r.dica-es  that  in  the  near  future,  obviously,  the  most  interesting 
source  •■‘ill  remain  the  course  o'*  oolsrized  narticles  based  on  the 
•separation  o'*  the  cnr.norents  of  the  fine  structure  p4*  the  atom  in 
a  highly  heterogeneous  magnetic  fisldcr  nultite^in?  1  net'-^r'-9  *-'ith 
fie  subsequent  ionization. 

■agnatic  field  of  aultitcraioal  retworks  with  the  subsequent 
ionization. 

In  NIZBF&  together  with  1A£  is  developed/procassed  standard  IPCh 
for  the  electrostatic  generators  with  the  overcharging  (E6P) ,  for  the 
cyclical  accelerators  cf  tbe  type  cyclotron,  F-H  cyclotron,  linear 
accelarator.  As  the  basis  of  standard  IPCh  is  accepted  the  scurce  cf 
the  polarized  protons  eoc  deutercns  with  the  induced  transitions 
between  the  superfine  structcre  levels  of  atceic  beaa  in  aagnetic 
field  [3].  The  calculated  paraaetexs  of  the  developed/processed 
aodif ications  IPCh  are  given  in  tae  table. 
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&ca  developed  two  ccnstructxcas/designs  cf  tha  systea  of  the 
induced  transitions:  He  1  -  for  the  atoas  of  deuteriua,  So  2  -  for 
the  atoas  of  hydrogen.  Is  dewelcped/processed  the  third  systea  - 
universal  -  for  deuteriua  and  hydrogen.  Each  cf  three  systeas 
consists  of  two  regions  cf  transitions  in  the  "wear"  aagnetic  field 
and  one  region  of  transitions  in  tne  "strong"  aagnetic  field.  All 
three  systeas  with  two  regions  cf  the  induced  transitions  consist  of 
of  four  types  of  transitiens  ana  three  types  cf  nagnets. 

Are  developed/processea  three  types  of  the  ionizers:  two  -  in 
the  strong  aagnetic  field,  axial  tc  atoaic  Lean  (one  of  thea  plasma) , 
and  one  in  weak  field  -  type  cf  cylindrical  diede  [4], 

Modification  of  IFCh  for  EGP  (Pig.  3)  has  charge-exchange 
target,  which  represents  tha  flew  cf  the  atcas  of  cesiua  or  sixture 
cf  sodium  and  potassium,  shaped  with  nozzle  and  which  gives  the 
effectiveness  of  overcharging  tc  25o/o,  ion-optical  systea  fez  the 
agreeaent  with  the  input  lens  or  accelerator  tufce  EG p  the  filter  of 
wine  for  the  assignment  cn  the  physical  target  cf  the  necessary 
direction  of  the  polarization  of  iens  relative  to  their 
iapulse/acaentua/pulse  (C,  +-45,  *-90,  ♦-US,  ♦-180°)  and  the 
separations  of  the  asscciatad  iens.  ionizer,  target,  ion-optical 
systea  into  the  filter  cf  wine  are  located  under  the  potential 
approxiaately  100  kv.  Energy  of  teas  froa  iFCh  is  regulated  to  100 
keV  by  this  potential,  in  Pig.  3  chamber /caaera  and  aagnet  of  the 
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source  of  negative  ions  are  exp anded/scanned  t y  90°  relative  to  the 
axis/axle  of  injection  in  EGE. 

Modification  IPChfcr  the  cjcluc  accelerators  (Fig.  U)  is 
developed/processed  with  the  systea  of  bunching  of  the  ions  cf  beaa, 
which  aakes  it  possible  tc  rau.se  tae  intensity  of  the  beaa,  seized 
into  acceleration  node,  not  less  than  6  tines.  As  the  basis  cf  the 
system  of  bunching  is  accepted  the  equipaent,  developed  in  N1ICFA  for 
neutron  generators  [5]. 


Pjj  I'mko.  (i) 


Fig.  2.  Dependence  of  the  tensor  polarization  P33  on  the  current  of 
neutral  atcas  0°  (a)  and  the  current  of  neutral  particles  U  fron  the 
current  of  ion  beaa  (b). 
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Note.  C  -  vector  polarization  P3,  T  -  the  tensor  polarization 


Key:  (1).  Kind  of  ions.  (2).  fieaa  current,  pi.  (3).  Energy  of  bean, 
kev.  (4} .  Versions  of  sjsteas  cr  induced  transitions.  (5) .  Hydrogen. 
(6) .  Deuteriua. 

Page  85. 

In  connection  with  the  special  ieatures/peculiarities  of  the  gecaetry 
cf  channel  for  the  injection  through  the  nagnet  pole  of  cyclctron  and 
F~N  cyclotron,  the  conditions  of  hunching  of  bean  and  the 
requireaents  for  the  electrostatic  airror  for  the  rotation  of  beaa  in 
the  center  of  accelerator  the  ceaa  of  the  polarized  ions  aust  have  to 
the  rotation  an  energy  of  about  HC  kev.  Before  the  rotation  it 
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brakes  to  the  energy  15  kev,  attar  which  is  conducted  bunching  of 
bean. 

At  present  in  the  stage  of  asseably  and  adjustaent  is  located 
the  mock-up  of  the  source  of  the  polarized  particles,  on  which  will 
be  finished  all  eleaents  of  the  Bonifications  cf  standard  IPCh. 
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Fig.  3.  Schematic  diagraa  if  Ca  zcr  ESP.  1  -  dissociator;  2  - 
chamber/caaera  IPCh;  3  -  six-pole  magnet;  4  -  system  of  the  induced 
transitions  in  the  weak  tibld;  5  -  resonator;  6  -  magnet;  7  -  system 
cf  the  induced  transitions  in  the  weak  field;  8  *  chamber/camera  of 
ionizer;  9  *  magnetic  ceils;  10  -  electrodes  cf  ionizer;  11  -  system 
cf  electrostatic  lenses;  12  -  charge-exchange  target;  13  -  magnetic 
coils;  14  -  unipotential  elactrcstatic  lens;  15  -  magnet  of  the 
filter  of  wine;  16  -  electrodes  cf  the  filter  of  wine;  17  - 
chamber/camera  of  the  ictary  magnet  of  the  injector  of  negative  ions 
13  -  rotary  magnet  of  the  source  or  negative  ions. 


Key:  (1).  To  the  pump. 
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Fig.  4.  schematic  diagraa  of  the  source  of  tb«  polarized  particles 
for  the  cyclic  accelerators.  1  -  source  cf  the  polarized  ions;  2  - 
focusing  systee;  3  -  filter  cf  hiae;  «  -  focusing  systes;  5  -  plate 
for  the  high-f roguency  divergence  of  beas;  6  -  focusing  and 
accelarating  electrostatic  systea;  7  -  fraaework  and  aagnet  pcle  of 
accelerator;  8  -  brakirg  systaa  and  bunching  cf  ion  bean;  9  - 
electrostatic  airrcr  fcr  the  rotation  of  ion  lean. 
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Discussion. 

a.  Hartin.  How  yoc  dad  acasure  the  polarization  cf  protcns? 

7.  L.  Koaarov.  The  polarization  of  protons  we  did  not  aeasure. 
There  does  not  exist  the  satisfactory  aethods  cf  aeasuring  the 
polarization  with  this  lew  energy,  eliaitating  Stern-Gerlach's 
net hod. 


G.  I.  Kir'yanov.  tiitnin  what  liaits  did  change  the  asyaaetry  cf 
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the  distribution  of  a- particles  is  the  reaction  deuteriua-tritiua 
with  a  change  in  the  polarization  of  deutercns? 

7.  L.  Kanarov.  Asjaieccy  ox  the  distribution  of  dr-particles 


changed  to  llo/o 
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21.  The  stable  operations  or  tne  vcrk  of  the  high-voltage 
accelerating  tube. 

v.  P.  Yakushev,  A.  N .  Serbinov. 

(Physical-energetic  institute,  Ctninsk) . 

The  disturbance/breaxdaun  cf  the  noainal  voltage  distribution 
according  to  the  elect zcdes  or  cube  due  to  the  hit  on  thee  of  the 
part  of  the  charged  particle  beaa  can  carry  unstable  building  up 
character  [  1  ],  especially  vita  scaliest  accelerating  voltage  also  in 
the  tubes  with  the  inclined  field.  The  region  of  stable  operation  and 
character  of  transiticc  into  the  unstable  acde/ccnditions  is 
conveniently  analyzed  trth  the  aid  of  the  static  volt-aapere 
characteristics  of  the  separate  gaps/intervals  with  the  beaa,  which 
coapose  tube  and  systei  of  fcraaticn.  The  stability  of 
Bode/conditions  depends  on  the  tern  of  the  general/coaacn/total 
characteristic  of  tube  ard  on  external  characteristic  of  the 
oscillator  of  acceleraticg  vcltage. 


Without  taking  intc  account  secondary  particles  the 
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characteristics  are  located  directly  by  the  aethod  cf  the  consecutive 
calculation  of  gaps/intervals,  beginning  froa  the  icnic  source.  As 
the  paraaeter  is  taicen  the  current,  which  ccses  the  divider  of  tube 
frca  the  oscillator  cf  accelerating  voltage.  The  current  of  divider 
deteraines  stress/volt  age  on  the  hurst  gap/interval,  with  which  are 
calculated  the  sizes/diaensicns  cf  beaa  and  the  part  of  it,  which 
falls  to  the  output  electrode  of  gap/interval.  Current  to  the 
electrode  is  added  to  the  initial  current  of  divider.  Suaaed  current 
f lews/ occurs/ lasts  cvet  following  resistance  anc  is  detecained 
stress/voltage  on  the  second  gap/mterval.  Sc  are  calculated  all 
gaps/intervals.  As  the  final  result  is  located  the  dependence  between 
the  stress/voltage  on  the  tune  and  the  current  which  it  consuaes  froa 
the  oscillator,  i.e.  ,  volt-aapere  characteristic.  The  account  of 
secondary  particles  will  reguire  toe  series/rew  of  successive 
approximations. 

Fig.  1  gives  characteristics  for  three  typical  cases:  1  -  beaa 
falls  to  the  electrodes,  bur  taere  are  nc  secondary  particles:  2  - 
bean  fall  to  the  electrodes  and  are  caused  secondary  particles;  3  * 
bean  do  not  disrupt  voltage  distribution.  Characteristic  3  is 
absolutely  stable;  characteristic  1  has  unstable  regions  on  the 
stres3/voltage  (it  is  aatigucus  ca  the  stress/voltage); 
characteristic  2  has  urstaole  regions  on  the  current  and  the 
stress/voltage.  Let  the  characteristic  of  oscillator  correspond  to 
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curved  4  (for  example,  cascade  generator).  Then,  heaving 
stress/voltage,  abruptly ly  we  pass  from  the  pcint  C  into  the  point  E, 
fron  the  nonoperative  region  intc  the  worker;  instantly  appears  beaa 
at  output  of  tube.  Decreasing  the  stress/voltage,  cannot  be  been 
dropped/onitted  lower  than  pcint  C  (it  is  the  boundary  of  stable 
operation)  -  further  fellows  transition  abruptlyly  into  point  A,  into 
the  nonworking  region:  beaa  at  output  of  tube  disappears.  Straight 
line  5  corresponds  tc  external  characteristic  of  the  electrostatic 
generator  whose  abrupt  transitions  are  observed  fer  characteristic  2 
and  are  absent  fer  the  teba  watn  tne  characteristic. 


Por  the  deterainaticn  of  the  currents,  which  fall  to  the 
electrodes,  in  the  appzcxiaaticn/approacb  of  linear  fields  is 
convenient  the  nodel  of  bundle  in  the  fora  of  the  superposition  of 
the  saries/row  of  aicrccanonical  teams  [  2].  Ey  the  selection  cf  a 
sufficient  nuaber  of  beais  it  is  possible  tc  how  conveniently  draw 
nearer  design  aodel  the  real  beaa.  Taking  intc  account  the  stability 
it  is  frequently  sufficient  twe-taree  beaas. 

The  approxiaation  of  real  beaa  by  design  eodels  is  shown  in  Fig. 
2.  Experimental  points  are  obtained  on  the  high-frequency  ionic 
source  for  electrostatic  oscillator  [3],  they  show  the  dependence  of 
the  fraction/portion  cf  beaa  cn  tne  angular  sclution/opening.  The 
beaa  current  120  pi,  energies  of  particles  it  was  changed  in  the 
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interval  of  2-12  keV. 

Change  in  the  optical  properties  of  accelerating  systee  and 
effect  of  space  charge  lead  to  tie  distribution  cf  points  in  certain 
region,  which  can  be  restricted  cy  two  liait  approxiaating  broken 
lines,  which  correspond  to  etc  ecdels. 
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Fig.  1.  Statistical  vclt-aapere  cnaracterist ics  cf  accelerating  tubes 
with  beaa  and  analysis  cf  stability. 

Fig.  2.  Approxiaation  cf  real  teaa  by  design  acdel. 

Key:  (1).  Points.  (2).  kit.  (1).  v.  (4).  rad. 

Page  87. 

Linear  diaensions  were  taken  with  the  supply  cn  the  basis  of  the 
size/diaension  of  the  channel  of  tne  extraction  cf  icnic  source. 
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With  the  aicrocancnical  oeaa  it  is  possible  to  find  siaple 
anlalytical  expression  tc  vclt-aapare  characteristics  for  the 
propagated  gap/interval  kite  tae  unifora  field.  Tc  such  calculated 
elemeat/cell  it  is  possible  tc  tzing  together  sene  parts  of  the  real 
accelerating  tube:  a)  the  separate  gaps/intervals  of  the  accelerating 
tube,  which  consists  of  toe  series/row  of  the  accelerating  sections, 
divided  by  the  sections  ct  drift;  c)  the  sections  of  tube  with  the 
unifora  field,  divided  bj  diaphragas  with  the  reduced  passage 
openings;  c)  sections  tc  the  place  of  the  greatest  divergence  of  bean 
in  the  tube  with  the  inclined  field,  etc.  In  these  all  cases  is 
possible  the  incidence/iipingeaent  of  the  part  of  the  beaa  tc  the 
latt9r/last  electrode  of  section.  Depending  at 
concrete/specific/actual  conditions  the  characteristics  are 
essentially  different,  if  the  input  energy  of  particles  is  strictly 
proportional  to  the  st r ess/ voltage  of  section,  then  only  in  cne  case 
(but  aost  freguently  encountering  in  the  real  tubes),  when  beaa  is 
not  limited  to  input  electrode  and  the  size/diaensicn  of  beat  in  the 
section  of  latter/last  electrode  is  inch  greater  the  size/diaension 
cf  beaa  in  the  crossover,  equivalent  resistance  of  gap/interval 
proves  to  be  negative,  but  characteristic  is  unstable.  The 
characteristics  of  sections  fee  different  cases  are  depicted  in  Fig. 
3. 


The  procedure  of  calculation  of  stability  liait  was  checked  on  a 
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coaparati vely  complicated  tube  utA  the  inclined  field  on  the  seall 
accelerator  on  200  kv.  luoe  contains  4  accelerating  clearances  (three 
cf  thee  inclined);  the  length  ox  the  active  part  of  the  tube  480  an, 
the  opening/aperture  on  the  electrodes  with  a  diaaeter  of  20  aa  [4, 
5].  The  design  aodels  cf  bundle  here  undertaken,  according  tc  Pig.  2. 
Optiaistic  astiaation  gave  the  values  of  49  kv,  pessimistic  cf  109 
kv.  The  experimental  value  ci  75  kV  is  lccated  between  these  values. 
Were  ieterained  stability  liixts  with  respect  tc  the  individual  parts 
cf  tha  tube:  the  entrance  of  tubs,  the  second  electrodes  of  the  first 
and  second  accelerating  gap;  as  a  result  were  obtained  values  of  67; 
68  and  115  kv  respectively.  Is  acst  close  tc  the  total  calculation 
the  third  case,  because  in  the  region  of  this  alectrode  bean  has 
maximum  size.  This  secticn  of  tube  actually  defines  the  boundaries  of 
stability  for  the  entire  tube.  The  simultaneous  incidence/i jpingeaant 
cf  beam  ether  electrodes  is  mamrested  little. 

Tha  diagraa  of  autc -focusing  l 6  ]  (particles  enter  into  tube  with 
the  energy,  which  corresponds  to  a  voltage  drep  across  high-impedance 
resistance  froa  the  cocrsa  of  the  current  of  divider)  is  vary 
convenient,  especially  fer  the  tubes  with  the  inclined  field. 

However,  it  can  become  the  reason  tor  instability  with  the  saallest 
operating  stresses/voltages  when  the  part  of  the  beae  will  fall  to 
the  input  electrode  of  tube,  lh is  instability  can  be  reaoved,  if 
instead  of  resistance  tc  use  serve  rectifier  [7]  whese  exit 


I 
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stress/voltage  varies  in  proportion  to  tc  the  current  of  divider  and 
virtually  it  does  not  depena  cn  the  current,  which  falls  to  the  input 
electrode  of  tube. 

The  volt-aspera  characteristics  of  tubes  with  the  bean  fcr  tha 
accelerators  EG- 1  and  EG-2.5  are  snown  in  Fig.  4.  Beth  tubes  with  the 
inclined  poor;  ionic  sources  and  entrances  into  the  tube  identical. 
Accelerator  EG- 1  works  wicn  resistance,  while  accelerator  EG-2.S  - 
with  the  servo  rectifier  ana  with  the  limiting  diaphragm  at  the 
entrance  of  tube,  which  does  act  make  it  possible  fcr  beam  tc  fall  to 
the  electrodes  of  tuba.  Cn  tha  accelerator  EG-1  with  the 
stress/voltage  of  approximately  1  heY  and  belcw  operating  mode 
becomes  unstable:  beam  rirst  appears  at  the  output  cf  tube,  then  it 
disappears,  which  is  accompanied  by  the  spontaneous  kicks  cf 
stress/voltage  on  the  accelerator.  On  the  accelerator  BG-2.5  the  beam 
remains  stable  and  well  focused  up  to  the  smallest  stresses/vcltages 
(200  k?) ;  however,  the  current  strength,  beginning  with  900  keV, 
decreases. 

The  dist urbance/brsakdcwn  cf  stability  in  the  usual  accelerating 
tubes  is  connected  with  the  defccusing  of  bean,  and  in  the  tubes  with 
tha  inclined  field  with  the  defccusing  and  especially  with  the  mixing 
cf  beam,  so  that  it  cannet  traverse  the  tube.  Therefore  in  the  tubes 
with  the  inclined  field  tne  phenomena  of  instability  become  apparent 
such  more  strongly,  especially  vita  the  considerable  divergences  of 
trajectory  frea  the  nciiral. 


Fig.  3.  Volt-aapere  characteristics  of  sections  with  uniform  field.  1 
-  the  size/dimension  of  baas  is  the  region  of  output  electrode  is 
close  to  size  of  crossover;  2  -  size/dimensicr  of  beaa  much  more  than 
the  size/diaension  of  crossover;  3  and  4  -  the  saae,  but  beaa  is 
liaited  to  the  input  diaphraga  la);  1*,  2*  -  the  same,  tut  beaa 
tegin3  to  be  limited  tc  the  input  diaphraga  when  stress/voltage  is 
lower  than  the  specific  value  (t). 

Fig.  a.  Diagrams  of  stability  of  tubes  of  accelerators  EG- 1  and 
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22.  Ion  gun  with  the  high  brightness  of  baaa. 

N.  N.  Kutorg,  V.  S.  Se  vest' y  ano  va .  7.  A.  Teplyakcv. 

(Institute  of  high-energy  pnysics). 

The  theoretical  ana  exper isental  study  ot  axially  symmetrical 
teas  [  1.  2]  made  it  pcssiflia  to  calculate  and  to  design  tha  icn  gun 
with  the  high  brightness  ox  teas,  employ*#  by  injector  into  the 
accelarator  with  the  focusing  high-frequency  by  field  [3].  During  the 
development  of  gun  special  attention  is  given  to  simplification  in 
its  const ruction/desigc,  to  increase  in  reliability  and  tine  of 
failure-free  operation,  to  a  reduction  in  the  required  power. 

In  order  to  decrease  the  aependence  of  the  maximum  parameters  of 
bean  on  any  kind  of  the  errors  in  tha  gacnetry  cf  gun.  it  was  decided 
to  forn/shape  bean  by  that  by  weaxiy  diverging.  This  aeans  that  the 
given  perveance  of  gun  acst  cot  ce  more  than  C.C15  [1] 


where  I  -  current  of  the  preten  component  of  beae;  I*.  I3  -  ion 
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currents  H2  and  H3  respectively;  U  -  stress/voltage  of  gun. 

The  normalized  emittance  cf  ream  the  less,  the  less  the  radius 
cf  plasma  boundary  in  the  expander  of  source  [2] 

3“2WWiJL  *2-u>~4*k,  (2) 

where  Rk  -  radius  of  plasma  oounaary,  Tt  -  temperature  of  icns  on 
plasma  boundary.  eV. 

The  perveanca  of  the  gum  or  pier,  which  forms  the  beam  cf  a 

permanent  radius,  is  equal  tc 

a  R2 

p“7  »  (3) 

where  Ra  -  radius  of  team  at  cttput  frot  the  gun;  a  -  distance 
between  the  plasma  bcurdary  and  the  puller  electrode.  Therefore  the 
prescribed/assigned  current  or  energy  of  prctcns  at  the  output  of  gun 
completely  determine  its  gecietxy. 

According  to  the  ccndaticns  cf  injecticn  into  the  initial  part 
cf  the  accelerator  the  ecergy  oz  injecticn  must  he  not  less  than  100 
keV,  the  current  cf  prctcn  ream  -  cot  less  than  200  aA.  and  the 
emittance  of  beam  -  is  act  acre  than  10~*  rad  cm.  The  crossover  of 
the  bundle  with  a  diameter  cf  1  cm  must  he  lccated  in  the  first 
clearance  of  accelerate:.  The  gun.  which  satisfies  the  stated 
requirements,  now  works. 
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In  this  gan  of  ionic  ch«  source  of  the  type  of  von  Ardenne's 
duoplasaatron  [4]  works  in  the  acde/conditicrs  cf  ncnindependent  arc 
discharge.  Arc  current  is  liaited  and  stabilized  by  the  emission  of 
tantalue  cathode.  The  source  cr  arc  voltage  200  7  has  negligible 
internal  iapedance.  so  that  the  arc  easily  it  would  be  ignited,  and 
dyncda  of  source  during  the  discharge  was  fcund  under  the  floating 
potential,  potential  100  V  is  scppliad  tc  dyncde  through  the  diode. 

Oas  inlet  into  the  source  is  accosplished/realized  by  the 
diaaagnetic  pulse  valve,  analogous  in  the  operating  principle 
described  in  [5]. 

Accelerating  voltage  on  the  source  is  supplied  froa  the  snail 
peak  transforaer.  Its  fcigh-vcltace  winding  is  perforaed  by  dual 
lead/duct,  which  allows  to  conduct  network  power  to  the  power  supply 
units  of  ionic  source  witaout  the  supplesentary  insulating 
transforaer. 

3eaa  focusing  is  acccaplished/realized  by  a  pulse  short  aagnetic 
lens  with  the  aaxiaua  sacnetic  Held.  Vacuus  2*10~7  torus  is  created 
in  the  gun  with  the  aid  cf  the  crbitron  cf  special 

construction/design.  Orbitzcr  is  siaple  structurally/constructurally 
and  consuaes  power  on  the  order  cr  300  fi  at  average/aean  puaping 
speed  to  3000  1/s  with  10“*  tcrus.  The  resource/lifetiae  of  its  work 
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is  approximately  800  hours. 

Sntira/all  electronics  cf  gun  is  aade  on  the  seeiconductors  and 
has  high  reliability  witt  prclcrced  continuous  operation. 

The  described  source  witn  the  pulse  gas  inlet  and  with  entire 
electronics  o£  supply  and  control  already  two  years  is  in  operation 
cn  prainjector  1-100  acd  ifvt.  epexating  experience  showed  that  the 
tiae  of  the  reliable  work  cf  the  cathode  of  source  is  not  less  than 
1000  hour,  electronics  -  not  less  than  SOOO  hour,  valve  -  it  is  aora 
than  10*  iapulses/aoaenta/pulses. 

Figure  gives  the  ccnstsucticn/design  of  the  ion  gun.  which  has 
the  following  parasetexs  o t  leas:  energy  of  iens  100  keV;  the  current 
cf  proton  beaa  200  aA:  tie  aaxriua  perveance  cf  gun  0.016;  the 
aaittance  of  beaa  0.06  •  rad  ca ;  the  crossover  of  bundle  is 
located  at  a  distance  cr  d  ca  rzca  the  focusing  lens. 

Page  39. 

The  current  of  gun  in  tne  range  C-200  aA  is  saoothly  cagulated  by  a 
change  in  the  cathode  glcw.  me  duration  of  current  pulse  10  p*  with 
the  fronts  is  not  aore  than  2  ps.  ihe  stability  of  the  apex/vertex  of 
pulse  is  not  worse  than  ♦- 5o/c . 


Jig.  the  ccnstruction/design  ot  ion  gun.  1  -  vacuus  container;  2  - 
cing  of  insulator;  3  -  ceraaic  insulator;  4  -  insulator  froa  the 
fiberglass;  5  -  screen  cf  sourca;  6  -  ionic  scarce;  7  -  flange  of  ion 
guide;  3  -  induction  ccrrant-sensing  device;  9  *  ion  guide;  10  - 
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aagnetic  leas;  11  -  puller  electrode;  12  -  expander  of  source. 
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Discussion. 

Yu.  D.  Beznogikh.  aas  involved  source  to  the  duration  of 
operating  pulse  cf  aore  than  10  ps 2 
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7.  A.  Teplyakov.  Source  on  the  preinjectcr  works  with  the 
duration  of  pulse  40  ps.  Source  in  the  preliainary  experiments  worked 
in  the  continuous  duty;  therefore  frea  the  pcint  cf  view  of  thernal 
loads  it  can  work  with  acy  pulse  duration,  source  with  the  pulse  gas 
inlet  can  work  by  iapulses/acaenta/pulsas  with  the  duration  up  to 
several  ten  microseconds. 

G.  I.  Kir'yanov.  1.  ahat  fera  valve  was  used  in  gun?  2.  Did 
investigate  you  composition  cf  icn  bean? 

V.  A.  Teplyakov.  Source  works  with  diaagnetic  type  valves  in 
dosing  voluae  6-10  an3,  2ne  dosrng  volume,  filled  with  hydrogen  with 
2-3  ata.,  is  connected  wita  tna  source  to  the  period  cf  order  of  tens 
cf  aicroseconds.  2.  las,  aass  composition  of  teaa  is  known,  tilth  an 
increase  in  the  arc  current  the  share  of  proton  coaponent 
grews/rises.  Two  hundred  arliiaaperes  of  preten  current  in  focused 
beaa  at  output  of  ion  guide  are  obtained  with  26C  a  A  of  total  current 
froa  the  gun. 
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23.  Electron  gun  with  the  cold-ssission  cathode. 

G.  G.  ◦.  flesh  hya^  B.  N.  xanlckov. 

(Physical  institute  is.  E.  8.  Lsbeaev  of  the  AS  USSR) . 

The  successes,  achieved  in  recent  years  in  the  field  of  the 
generation  of  powerful/ thick  election  beans  fcy  the  nanosecond  of 
duration,  sake  it  possible  tc  hope  for  the  possibility  of  further  use 
cf  such  beans  in  the  accelerative  technology.  However,  the  obtained 
now  beans  have  the  poor  aonocnrciaticit y .  one  of  raascns  for  which  is 
the  poor  agreenent  of  tbc  oscillator  cf  nanosecond 
inpulses/nonenta/pulses  ana  electron  gun.  Furthernore,  very 
construction/design  of  election  gun  exerts  a  substantial  influence  on 
the  high-voltage  inpulse/ncaentua/pulse,  supplied  to  the  field 
eaission  cathode. 

Pig.  1  gives  the  equivalent  schenatic  of  the  guns,  utilized  at 
present  [1,  2].  Pros  the  diagxat  it  is  evident  that  already  very 
construction/design  of  the  high-voltage  insulator  of  gun  sust  be 
selected  in  such  a  way  that  the  distortion  of  the 


DOC  »  30069207 


f  IG  £ 


impulse/aoaen tua/pulse  c£  nanosecond  duration  would  be  ainiaua.  On 
the  other  hand,  the  recuixeaent  c z  more  uniform  potential 
distribution  along  the  irsulatcr  creates  definite  difficulties  in 
satisfaction  cf  preceding  condition. 

Actually /really ,  it  is  known  that  a  potential  drop  in  the  first 
section  froa  the  high- voltage  end/ lead  of  the  insulator  is  deterained 
ty  the  self-capacitance  of  section  C  and  by  capacity/capacitance  to 
the  earth  C0  [ 3  ] 


where  V0  -  the  total  voltage,  supplied  tc  the  insulator. 

Ideal  ones  in  the  sense  of  agrseaent  should  be  counted  the  case 
when  c#»(Jll0,  -  linear  capacity/capacitance  of  the  supplying  line. 
However,  the  technical  realization  of  this  condition  is  in  pracrtice 
unrealizable  in  the  ccnstructicc/design  cf  the  guns,  utilized  at 
present. 

Ose  in  the  accelerators  oc  tbe  type  in  question  as  the 
Insulating  aediua  of  dielectric  nth  large  t  significantly  decreases 
the  diaensions  of  setting  up.  But  use  in  the  accelerators  with  this 
filling  of  gun  exaained  above  bcccies  generally  iapcssible  due  to  a 
sharp  increase  of  capacitance  tc  tne  earth  Co* 
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In  developed  in  oti  laboratory  accelerator  ESU-1  (stress/voltage 
2-3  ,17,  current  30  kV)  as  the  insulating  eediue  is  utilized  the 
glycerin  -  liquid  dielectric  kith  t  at  40.  The  ccnstructicn/design  of 
gun  for  this  accelerator,  saoan  m  Pig.  2 ,  lakes  it  possible  tc  avoid 
the  difficulties  about  vkich  ic  us  sectioned  above. 

High-voltage  insulator  is  aade  in  the  fcxa  of  the  aatched 
vacuuatight  transition  tree  taa  coaxial  line,  fillad  with  glycerin, 
to  tna  vacuua  coaxial  lire.  The  angles  of  the  generatrices  of 
insulator  and  radial  dvtlecticn  terainal  to  the  axis/axle  of 
accelerator  are  selected  by  such  tnat  the  ratio  of  the  linear 
inductance  Lt  to  the  linear  capacitor  Ct  in  the  section  with  the 
insulator  vould  be  equal  to  the  relation  of  these  values  in  the 
supplying  coaxial  line.  The  presence  in  ccnstruction/design  cf 
diaphragaing  ring  3  and  supporting  disk  4  lakes  it  possible  by  the 
appropriate  selection  cr  tneir  ten  to  attain  virtually  unifera 
potential  distribution  along  the  insulator. 

The  study  of  the  ccrstr uctica/design  of  insulator  in  the 
electrolyyic  bath  confined  the  correctness  of  the  selected 
construction/design.  Fic.  3  depicts  the  pictures  of  electric  field 
with  the  various  fores  of  toe  diapnragaing  ring  and  supporting  disk. 
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The  presence  in  systaa  c £  oielectric  with  large  e  and  c  by 
sufficiently  high  conductivity  lade  it  pcssible  tc  avoid  the 
partitioning  of  insulates  and  tc  amplify  technology  c£  production. 

The  length  of  insulator  over  surface  of  -30  of  ca  was  selected 
ty  such  fora,  in  order  tc  tae  maximum  gradient  of  electric  field  on 
the  vacuua  side,  as  ky  least  durable  to  the  electrical  breakdown,  it 
did  not  exceed  100  ItV/ct. 


Pig.  1.  Equivalent  schematic  of  gun.  C  -  capacitance  of  the  unit 
of  tha  length  of  insulator;  C0,  C4  -  capacitance  of  the  unit  of  the 
length  of  insulator  to  the  earth  and  to  the  high-voltage  electrode 
respectively,  Cn,Rn  ,  Ln  -  the  coaponents  of  the  iapedance  of  gun. 
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Fig  2.  Schematic  of  gut.  1  -  external  screen;  2  -  high-voltage 
insulator;  3  -  diaphracaiag  ring;  4  -  supporting  disk;  5  -  sleeve;  6 
-  external  cone;  7  -  feaaie  cone;  a  -  cathode  holder;  9  -  ancde;  10 
anode  holder;  11  -  suFpljia$  line;  12  -  cathcde. 
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fig  3.  Pictures  of  electric  field  nith  the  various  foras  of 
diaphragaa  ring  and  sujfcrts  of  disk.  I  *  over  the  surface  of 
insulator  in  the  glyceric;  II  -  over  the  surface  of  insulator  in  the 
vacuua;  III  -  even  distribution- 

Key:  (1).  kV.  (2).  Length  of  surface  of  insulator,  c 
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The  construction/design  strictly  of  elactrcn  gun  allows  for  the 
possibility  of  the  ccntrci  of  at  anode-cathode  distance  and  change  in 
the  number  of  tungsten  readies  *  autoesissicn  cathodes.  This  will 
nake  it  possible  to  attain  Maximally  possible  by  this  eethod  of 
agreeing  the  oscillator  cr  high-vcltage  pulses  and  lead  whose  role 
performs  electron  gun. 

For  the  experiaental  functional  test  of  the  described 
construction/design  of  gun  is  prepared  the  acdel  into  1/3  full  sizes 
(Fig.  4) .  The  investigations,  carried  out  on  this  aodel,  confiraed 
the  correctness  of  the  selected  ccnstruction/design  and  its 
efficiency. 
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fig  4.  The  appearance  c i  the  aoael  of  electron  gun. 
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24,  Electron  gun  for  obtaining  ta«  intense  electron  beaas. 

v.  a.  Lavin,  v.  v.  Ruayantsev,  K.  E.  Rybas,  E.  N.  Telapaav. 

(Scientific  resaarch  institute  cz  the  elactrcphysical  aquipeant  in. 

C.  7.  Efreaov) . 

In  recent  years  grew  ccnsidszably  the  necessity  for  the  intense 
electron  beaas  (with  coziest  cn  the  order  of  1  kA  in  the 
iapulse/aoaentue/pulse  kith  the  pezveance  1C«10“*  a/b3*)  for  the 
accelerative,  theraonuclaax  ana  ctaer  areas  of  technology.  Per 
obtaining  the  intense  elcctxca  feats  it  is  utilized  the  plasea  of 
spark  discharge  [ 1  ],  actcelactrcnic  cathodes  [2,  3]  and 
theraoelectronic  cathodes  [4,  5 j. 

To  the  electron  beats,  obtained  froa  the  plasaa  cf  spark 
discharge,  is  characteristic  the  ccnsiderable  instability  of 
aajlitude  of  current.  The  electron  beaas,  obtained  with  the 
use/application  of  autcelectzcnic  cathodes,  are  also  characterized  by 
a  coaparatively  high  irstabrlrty  cf  the  aaplitude  of  current 
<15~20o/o)  and  by  the  large  divergence  of  bean  (aore  than  2.2  it 
erased) ,  caused  by  the  sharp  heterogeneity  cf  electric  field  in  point 
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[5].  Appear  large  complexities  with  the  focusing  cf  the 
ronhomocentric  electron  team,  obtained  during  the  use  of  a  cathode 
with  many  points. 

The  electron  beans,  obtained  iron  the  thersionic  cathode,  with 
reasonably  selected  optics  are  characterized  by  the  high  stability  of 
currant  and  low  transverse  ccapcrents  of  the  speed  cf  electrons  - 
order  of  thermal  ones,  tsual  optics  of  pier  makes  it  possible  to 
obtain  electron  beans  with  the  peiveance  not  sere  3*10~*  a/b32  [7]. 

If  opening/aperture  in  the  anode  is  tightened  by  grid  or  is  supplied 
internediate  grid  electrcde,  the  possibilities  cf  these  guns 
substantially  will  increase.  In  tha  three-elect  rede,  to  gun  grid 
unconditionally  it  will  unconditional  work  is  the  more  light  duty 
than  the  mesh  anode,  bat  the  conduct  of  third  electrode  conplicates 
the  construction/design  cf  gun  and  makes  the  angular  characteristics 
worse  of  beam. 

The  circular  electees  gens  cf  pier  [8]  and  magnetron  guns  [9] 
provide  obtaining,  electron  beams  with  the  perveance  it  is  more 
10*10~»  a/b32,  but  the]  possess  the  known  def iciencies/ lacks,  which 
impede  their  use/application  in  the  accelerative  technology.  lew  to 
us  it  is  considered  by  most  advisable  to  utilize  guns  of  pier  with 
the  racticular  anode.  Cut  at  the  current  density  in  the  plane  of  grid 
100  A/cm,  stresses/voltaces  300  kv,  duration  of  pulse  100  ns  and 
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frequencies  of  aessages  S  1/s  suxiace/skin  layer  turned  to  the 
cathode#  toward  the  end  cf  the  iapulse/acaentna/pulse  is  heated  to 
the  teaperature,  close  tc  tne  aeltang  point  cf  tungsten;  this 
superiaposes  one  of  the  basic  liaitations  on  the  possibility  of  gun. 

Aorking  conditions  cf  theraionic  cathodes  in  the  guns#  intended 
for  the  use  in  such  elsctrcphysical  installations  as  the 
accelerators#  very  heavy,  in  connection  with  this  to  the  cathode  is 
presented  the  series/rcw  of  the  specific  requizeaents:  1)  cathode 
oust  region  by  the  stalls  eaissacn  of  sore  than  50  A/ca*  at  a 
pressure  of  residual  ges  5«10~*  terns  and  operating  stress/vcltage 
100  kv;  2)  the  eaissive  power  of  cathode  aust  net  deteriorate  with  a 
short-tar ■  increase  in  tie  pressure  to  5«10~»  torus;  3)  the  eaissive 
power  of  cathode  aust  net  substantially  decrease  after  the  repeated 
stay  of  cold  cathode  ir  the  ataesphere  air.  Operating  teaperature  of 
cathode  aust  not  exceed  -100Q°C#  since  otherwise  with  the  large 
sizes/d iaensions  of  cathode  it  is  difficult  tc  attain  the  identical 
teaperature  of  the  surface  of  cathode#  i.e.#  the  unifora  density  of 
eaission.  Purtheraore,  high  operating  teaperature  and  connected  with 
this  high  expenditure  cf  power  ccaplicate  the  construction/design  of 
gun  and  is  decreased  ita  reliability. 
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Proa  the  cathodes  usea  ca  the  esissive  fewer  and  the  resistance 
to  poisoning  only  cathcde  frea  heraboride  of  lantharua  satisfies  tc 
that  indicated)  to  requiraaenxs ,  cut  for  obtaining  the  large  current 
density  (it  is  above  50  A/ca*)  these  cathodes  it  is  necessary  to  heat 
to  tenperature  of  I700°c  [5]. 

In  SIIEPA  it  was  developed  the  pressed  pcrcus  oxide-nickle 
cathode  with  a  disaster  cr  50  aa  with  the  spherical  eaitting  surface, 
which  satisfies  all  recuireaents  indicated  abeve. 

Pig.  1  gives  the  curves  of  the  dependence  cf  the  current  density 
of  eaission  on  the  pressure  cf  residual  gass  with  the  anode  voltage, 
equal  to  100  kv,  and  different  teaperatures  cf  cathode. 

Proa  curved  1-3  evident  tnat  with  an  increase  in  the  pressure 
the  eaission  current  at  first  decreases,  reaching  ainiaua  value  at  a 
pressure  8«10"**- 1. 5*  10"*  torus,  and  then  it  increases,  alaost 
reaching  its  initial  value  at  a  pressure  1«1C~*  torus.  At  a 
tenperature  of  cathode  cf  >9J0°C  eaission  current  dees  not  depend  on 
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the  pressure  of  residual  gass  in  tae  measured  interval  of  pressures 
( 1. 5«10”*-4«10“"*  torus),  At  a  tsaperature  of  ^97C°C  current  density 
cf  emission  in  the  aode/coaditicns  of  space  charge  is  110  A/cn*. 

After  the  quintuple  stay  ox  cacicde  in  the  atmosphere  of  air  cf  the 
noticeable  decrease  cf  emission  in  was  net  observed. 

/tore  developed  twe  versions  cf  electron  gun  with  the  pressed 
porous  oxide-nickle  cathode.  la  both  versions  is  used  the  high-wave 
glass  insulator,  desigeed  for  tae  stress/voltage  3S0  k?.  The  first 
version  of  gun,  depicted  in  Fig.  2,  has  an  insulator  with  a  length  of 
150  mm  and  is  intended  fee  the  were  in  oil.  The  second  version  has  an 
insulator  with  a  length  cf  145  me  and  is  intended  for  the  work  in  the 
air.  Electron  gun  can  «cr*  both  ia  the  vertical  and  in  the  hcrizontal 
positions.  In  the  horizontal  position  in  the  second  version  cf  gun 
the  divergence  of  cathcac  node/ unit  from  the  axis/axle,  during  the 
heating  to  operating  temperature,  does  not  exceed  0.3  an.  The 
construction/design  cf  cathode  xcdc/unit  makes  it  possible  tc 
regulate  the  position  cf  cathode  on  the  focusing  electrode  and  to 
perform  full/total/con plete  disxantling  and  assembly  of  cathcde  unit. 

Degassing  and  activation  of  cathode  is  conducted  after  the 
assembly  of  gun  on  the  special  tench  or  in  the  accelerator  at  a 
pressure  of  residual  gas  not  more  5«10“*  torus  during  10  hour. 
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The  power^  necessary  for  heating  of  cathode  to  operating 
temperature  of  970°C,  ccsprises  c c 1 y  500  9,  i.e.,  the  effectiveness 
cf  cathode  on  the  intense  hear  composes  1-2  i/S.  Cathode  has 
identical  teaperature  all  ever  surface  in  Units  of  accuracy  cf 
measurement,  provided  ty  a  pyrcieter  cf  the  type  OPHtf-017  (*,100C)  . 

The  investigations  cf  divergence  of  beaa  with  the  current  200a 
were  conducted  with  the  aid  cf  the  fluorescing  screen  by  the  voltage 
on  the  cathode  of  gun  relative  tc  the  anede  ICO  kv.  The  crossover  of 
bundle  is  located  at  a  distance  cf  45  an  frea  the  grid  of  the  anode. 
Diameter  of  beaa  in  the  crossover  28-32  aa.  The  perveance  of  bean  in 
this  experiment  comprises  b.3*1C“*  A/V3/*.  Based  on  this  perveance, 
is  possible  to  expect  that  wita  the  voltage  300  kv  from  this  gun  can 
he  obtained  beaa  current  about  1000a  in  the  iapulse/aoaentua/pulse. 

3y  the  decrease  of  distance  cathode  -  the  anode  and  by  a  change 
in  the  curvature  of  the  grid  of  anode  electrode  the  perveance  of  beaa 
was  increased  of  11»10“**  A/V3/*  and  with  the  voltage  200  kV  was 
obtained  the  current  in  the  team,  equal  to  1000a.  The  measurement  of 
the  diameter  of  beam  it  the  crossover  in  this  experiment  was  not 
made. 


The  results  of  the  conducted  investigations  make  it  possible  to 


make  a  conclusion  abcut  the  possibility  cf  producing  the  stably 
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working  theraionic  catheads  in  diaaeter  to  100  an,  with  the  current 
density  of  eaissicn  tc  100  A/ca2  and  the  full  current  to  3000a.  On 
the  basis  of  such  cathcdes  is  real  the  production  of  two-electrode 
Electron  guns  with  the  aesh  anede  no  the  currents  tc  4000a  (fer  the 
duration  of  pulse  on  the  erder  cl  0.  1  n s,  cf  pcrcsity  of  order 
2*10”‘f  with  the  voltace  2C0-i0t  kV)  and  the  three-electrode  guns  to 
the  currents  to  7000-8CCCa. 

The  authors  note  the  participation  cf  A.  K.  Dezhnev  and  G.  N. 
Kariaov  in  the  design  deveiopaent  cf  electron  gun  and  are  expressed 
appreciation  to  G.  P.  Stelxuncv  icr  valuable  advice  and  P.  a. 
Zheltova  for  the  participation  in  the  experiaents. 
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Fig.  1.  Dependence  of  the  pulse  current  density  of  emission  on  the 
pressure  of  residual  gas  for  different  temperatures  cf  the  pressed 
porous  oxide-nickle  cathode  with  one  anode  voltage  100  kV.  1  -  830°C 
2  -  8  7  0  ®C ;  3  -  900®C;  h  -  930®C;  5  -  970«C;  6  -  1010®C;  7  -  1055®C. 


Key:  (1).  A/s2.  (2).  torus 
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Fig.  2.  General  vi9w  c£  electxcc  gun.  1  -  anode;  2  -  anode  branch 
Fipe;  3  -  cathod9;  4  -  focusing  elactrode;  5  -  cathode  stoclc/rod;  6 
conductor;  7  -  high-vcltage  glass  insulator. 
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Discussion. 

S.  v.  Karpov.  Which  service  life  of  your  gun? 

K.  P.  Bybas.  The  service  lire  of  gun.  determined  by  the  service 
life  of  cathode,  is  30 C  hours.  Luring  this  time  the  filament  emission 
descends  to  30o/c. 

Ye.  Begenshtreyf .  it  was  utilized  flowing  your  calculations  the 
theory  of  laminar  or  uriaminar  ileus? 

K.  P.  Hybas.  In  our  calculations  was  utilized  the  theory  of 
laminar  flows.  Experimental  data  coincide  sufficiently  well  with  the 
calculated  ones. 

V.  G.  Bagraaov.  Was  removed/ taken  the  dependence  of  the  current 
density  of  emission  on  the  pulse  duration?  Which  the  pulse  duration 
in  your  case? 

K.  P.  Rybas.  The  dependence  of  the  current  density  of  eeission 


cn  the  pulse  duration  wee  not  studied.  The  pulse  duration  in  cur 
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expedients  was  100  ns. 

7.  I.  Perevodchikov .  was  studied  the  volatility  of  the  aaterial 
of  cathode  and  the  effect  of  vaporization  products  on  dielectric 
strength  of  gap. 

X.  P.  Rybas.  The  speed  cf  vaporization  of  the  aaterial  cf 
cathode  was  not  investigated,  ifce  decreases  cf  dielectric  strength  of 
gap/interval  cathode-arc ca  during  the  work  cf  gun  was  not  observed. 

Eage  15. 


7.  P.  Gass.  Is  required  the  aaking  acre  active  of  cathode  after 
the  allowance  of  the  aticspaera? 

K .  P.  Rybas.  The  saking  aore  active  of  cathode  after  the 
allowance  of  the  atacspnere  is  necessary.  It  shculd  be  noted  that 
after  the  first  allowarcc  of  the  ataosphere  the  eaissive  power  of 
cathode  grows/rises  by  5-  IQc/c. 

7.  I.  Perevodchikc v .  how  is  determined  the  service  life  cf 
cathode? 

K.  P.  Rybas.  The  service  life  of  cathode  is  deterained  by 


■  v* 
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decrease  with  the  time  cf  the  recovery  rate  cf  free  alkali-earth 
aetals  from  their  oxide,  as  a  result  of  which  decreases  the  esissi 
power  of  cathode. 


i 
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25.  High-current  electronic  pulse  airect  voltage  accelerator. 

L.  N.  Kazanskiy,  A.  A.  Kclcmenskiy,  G.  o.  Eeskhya  B.  M.  Yablokov. 

(Physical  institute  ia .  P.  H .  Lefcedev  of  the  AS  USSR) . 

In  recent  years  is  vigorously  developed  the  new  scientific 
direction,  connected  with  obtaining  and  using  pulse  electron  keaas 
C 1,  2].  They  will  find  use  ir  aany  regions  cf  physics,  chemistry, 
biology  and  different  applied  regions.  During  the  developaent  of 
electronic  high-current  accelerator  in  PIAN  we  had  in  aind  pursuance 
cf  research  on  physics  cf  intense  relativistic  electron  beaas  in  the 
vacuua  and  media,  and  also  the  acceleration  cf  ions  due  to  the 
collective  interaction  wich  tne  intense  electron  keaas. 

Th9  requirements  fez  tne  paraseters  of  electron  beaa,  deterained 
ky  the  intended  targets,  not  the  sane,  and  at  the  development  of 
electronic  high-current  accelerator  (ESO-1)  we  decided  to  dwell  on 
the  average  parameters:  energy  cf  electrons  2-3  nev,  current  30-50 
kA,  the  duration  of  pulse  -30-30  ns.  In  this  case  was  taken  into 
consideration  the  alaost  full/tctal/conplete  absence  of  experiment  of 
the  construction  of  sitilar  installations  and  the  extreme  deficiency 
of  effective  areas.  After  the  detailed  examination  of  possible 
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diagrams  ESO  «e  stopped  at  the  electronic  high-currant  accelerator 
with  coaxial  type  dual  formulating  line,  filled  with  dielectric  with 
the  high  dielectric  Femeability.  line  is  chacged  by  resonance  fora 
by  surge  generator  (GIK)  for  tne  time  of  order  5*10~7  s  and  is 
coanutated  by  the  single-gap  multi-spark  discharger  which  works  in 
the  compressed  gas.  &t  the  output  of  the  dual  forming  line  (DFL)  is 
connected  the  transfersing  line  (II)  with  the  transf oraation  ratio 
-1.5,  loaded  to  field  eaissicn  type  electron  gun  (Fig.  1). 

Selection  as  the  filler  cf  tba  line  of  dielectric  with  high 
value  a  was  determined  by  the  following  considerations: 

1.  The  power  which  can  he  reaeved/taken  frem  the  line 

P  ~  E*\/T. 

Since  the  aaxiaua  permissible  strengths  cf  field  in  all  liquid 
dielectrics  at  our  range  ox  tne  duration  of  charge  are 
approxiaately/exeaplarily  identical  and  lie/rest  in  the  region 
20Q-300  kv/ca,  the  use/applicaticn  of  dielectrics  with  high  value 
e  makes  it  possible  tc  obtain  from  the  sane  veluae  several  times 
large  power. 


2.  Use/applicaticn  cf  dielectrics  with  large  *  aakes  it 
possible  to  sharply  reduce  length  of  installation,  which  in  cur  case 
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3.  Ose/ap plication  c f  dielectrics  with  large  e  makes  it 
possible  to  utilize  transforming  line  of  small  length  and  to  lower 
charging  voltage  DFL. 

After  the  careful  stud;  of  the  high-frequency  properties  of 
different  dielectrics  twatar,  alcohols,  different  types  of  glycerin) 
we  stopped  at  the  technical  glycerin  as  having  sufficiently  good 
frequency  properties  over  a  wine  range  of  frequencies  and  ensuring 
the  acceptable  shape  of  pulse. 


The  selection  of  coaxial  ccnstructicn/design  of  DFL  was 
determined  by  the  fact  that  in  contrast  to  the  track 
construction/design,  in  in  is  provided  the  f ull/tct al/complete 
screening  of  fields  by  tbs  grounded  external  electrode,  edge  effects 
in  it  are  substantially  less  anc  the  agreement  cf  all  eleaents/cells 


cf  acceleratcr  to  more  easily  fulfill.  Hcwever,  coaxial  gecnetry  has 
a  number  of  deficiencies/lacxs.  lbs  shape  of  the  pulse  cf  voltage, 
generated  by  DFL,  has  iccal  fora,  if  wave  iipedance  of  both  lines  is 
equal.  However,  in  this  case  maximum  electric  intensities  in  the 


lines  prove  to  be  substantially  dissimilar 


where  R4h  and  Reo  -  radii  of  internal  and  average  of  electrodes. 


1  “  **apm  ‘in 


line  characteristic 
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Fig.  1.  Schematic  diagram  of  installation  ESO. 

Key:  (1).  atm.  (2).  ns.  (3).  ■?.  (4).  HV.  (5).  kA.  (6).  Ms. 

Page  96. 

aith  different  impccancea  cf  lines  the  impulse/momentum/pulse 
will  be  accompanied  fcy  tfca  sequence  of  spuricos  pulses  (Pig.  2).  The 
amplitude  of  these  spurious  pulses  with  the  commutation  of  domestic 
circuit  u„- u  -  voltage  of  main  impulse.  In  the  case 
cf  equal  maximum  intensita.es/stzeogth  in  the  lines  the  relation  of 
the  wave  impedance 

where  u  -  voltage  on  tie  line;  £  -  maximal  strength  of  field  and 
~  radius  of  internal  electrode. 
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Th9  case  of  the  equal  iapadaace  of  lines  and  the  case  of  equal 
intensities/strength  lisit  the  region  in  which  should  be  selected  the 
geoaetric  paraaeters  of  the  dual  fcraing  lines  (Pig.  3).  The 
parameters  of  installation  cf  2SH  and  its  acdel  ESQ-0  (see  below) 
are  given  in  the  table.  Charge  is  accoaplished/realized  by  a 
resonance  fora  froa  surge  generator.  Use  in  DFL  cf  polar  dielectric 
with  the  saall  specific  iapedance  p  leads  to  the  need  for  talcing  into 
consideration  of  loss  in  the  dielectric  in  the  process  of  charge.  If 
we  restrict  the  energy  losses  ten  tiaes  by  percentages  of  the  energy, 
stored  up  into  GIN .  ther  the  ainiaua  frequency  ct  charge 
S  »  4.i«.io13/ep.  Por  glycerin  •i  *  40,  p  «  1.5.10  C/ca  and  f  MH1I -o.?  MHz. 
In  our  case  for  the  charge  cf  DPI  proved  to  fce  convenient  to  utilize 
6-8  standard  GINs  Serpukhov  condenser /capacitor  plant  GIN— 40C-0. C6/5 
with  the  iapact  stress  400  a?  and  lapact  capacitance  \2  nP.  connected 
into  two  parallel  coluans  on  three  or  four  ccnsecutively/serially.  As 
shewed  ezperiaents.  aultiple  operation  of  GXNs  it  is  possible  to 
attain,  connecting;  the  m  parallel  each  step/stage  of  each  cf  GIN. 
Structurally/constructurally  this  is  perforaed  with  the  aid  cf  the 
single  coluan.  in  which  are  asseabled  all  gaps,  which  work  in  the 
staosphere  of  nitrogen  at  a  pressure  3  ata. 
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Fig.  2.  Inpulse  shaping  in  th«  dual  forming  line  with  different 
relationships/ratios  of  the  wawe  impedance  cf  its  lines. 
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Fig.  3.  Intensity/strer 5th  c f  field  in  the  lines  and  nave  impedance 
depending  on  the  geoaetzj  of  the  lines 

1  -  Em  npi^^D,  <0  cm;  2  -  Em  npd 
^.D,  -70cMi3-E6t,  hpiA^j^KWcm;  4  -Efc 
TipH  D3  "28  xm;  5  -  nptr  D,  -60  cmi^ 

6  "  z*ap  nP"  D»  “70  cm;  I  -  2  fa  npi@ 

Ds  “20  cm;  8  -  Z  ^  ript/**  D3  “28  cm 


Key:  (1).  kV/ca.  (2).  eft.  (3).  with- 
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acy-o 

acy-i 

^^Heprtm,  Maa 

03 

1  2.0 

(&\ 

K  . T ok  nywxa,  kb 
^  UnHTe^bHOCTb  HMnynbca, HceK 

20 

50 

35 

40 

^VewHM  pafioTbi 

^^DflHHOMHwe  HMny/ibCbi 

(v  VeiiepaTOD  HMny/ibCHbix  Hanpg*eHHft  ( THH) 

^^Hhcjio  rHH^OO-0,06/5 

4 

6-8 

(ft’')}/ japHoe  Hanpa4ceHMe,Ma 

0.8 

1 .2-1 .6 

^^yoapHaa  eMKOCTb,  Hd> 

12 

8-6 

(Jt\ 

v  VlHflyKTHBHOCTb,  MKTH  5 

,  Mflaottaafl  diQDMHnvioiiian  fflum  l.1<t>n) 

7-10 

//& 

"  UnaMeTp  3/ieKTpoaoB 

3J  3  ,  CM  (  CM.  pHC.  1 ) 

4l;  19;  9; 

60; 20; 10 

j^d^inHHa  ,  CM 

80 

90 

f^ilMnenaHC  BHyTpeHHefl  jihhhh,  cm 

7 

6,5 

(/^VlMneaaHc  BHeuiHefl  ah  hum,  cm 

7 

3,3 

lapnoHoe  HanpaaceKN^  Mb  ^ 

0,5*-0.8  ^ 

1.3-1 .5 

^VlaKCUManbHasi  HanpnixeHHOCTb, 

kb/cm 

250 

200 

()  ®T paHClbODMHDYlOUUia  AHHHS  (T/l) 

^^BxonHoft  nMneaauc,  om 

14 

10,3 

<W)HUHeHT  TpaHC$OpMalUlM 

1.48 

1.85 

cm 

90 

150 

lo&3neKTDOHHasi  nvuixa 

fe*HMneanHC#  cm 

30 

30 

urn 

1-5 

1-5 

(^^AKyyM,  MM.pT.CT. 

,o-7 

io-7 

Energy,  HeV.  (2).  Bean  current,  k A. 

.  (3). 

Duration  cf  pulse. 


ns.  (4).  Operating  nods.  (5).  single  iapulses/ncaenta/pulses.  (6). 
Surge  generator  (GIN).  (*7).  Hunter.  (8).  Inpact  stress,  av.  (S) . 
Inpact  capacitance,  nF.  (10).  inductance,  mH.  (H).  Dual  foraing  line 
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(DFL)  .  (12).  Diameter  c t  electrodes  Dl#  C2,  C 3,  cm  (see  Fig.  1). 

(13).  Length,  see  (14).  lapedanca  of  domestic  circuit,  cm.  (IS). 
Iapedance  of  outline,  CM.  (16).  Charging  voltage,  .IV.  (17).  aaxiaua 
intensity/strength,  kV/ca.  (Id).  Transforming  line  (TL) .  (19).  Input 
impedance,  ohm.  (20).  Ir anstcr aaticn  ratio.  (21).  Length,  c/n.  (22). 
Electron  gun.  (23).  Ia  pecanca,  am .  (24).  Number  of  needles.  (2S). 

Vacuum,  am  Hg. 

Page  97. 


For  the  experimental  check  c i  the  principles,  placed  as  the 
basis  of  accelerator  ESQ-1,  is  assembled  saall  installation-model 
ESQ-0  to  the  energy  60  0  600  keV  (Fig.  4)  .  In  this  acdel  tha  line 
characteristics  are  identical  and  equal  to  7  chas.  Is  commutated 
cutline  with  the  aid  of  the  spark  discharger,  filled  with  nitrogen  at 
a  pressure  4-7  ata.  On  this  installation  are  checked  the  different 
types  of  gaps  (axial  arc  radial),  cf  distortion  of 
iapulses/aomenta/pulses  due  tc  tha  charge  inductance,  the 
transformation  of  iapulses/acaenta/pulses  and  the  ccnstructicn/design 
cf  electron  gun. 

The  development  of  gun  for  the  line,  filled  with  dielectric  with 
high  value  e.  is  coaplex  proclea.  The  usually  utilized 
construction/design  of  gun  £1,  2]  does  net  aake  it  possible  in  the 
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case  of  transiton  into  the  vacuua  froa  the  medium  with  large  t  to 
cbtain  good  agreements  kith  tte  oscillator  c£  nanosecond 
iapul3es/aoaenta/pulse s  due  to  a  sharp  increase  of  the  reactive 
component  of  the  impedance  of  get.  Furthermore,  it  is  difficult  to 
cbtain  uniform  potential  distr lhution  along  tte  high-voltage 
insulator.  Therefore  we  carried  out  special  study  on  the  creation  of 
the  gun,  capable  of  veriirg  1 n  the  medium  with  large  e. 

As  a  result  is  developed  the  constructicn/design  of  gun  (Fig. 

1) ,  which  provides  simultaneously  sufficiently  good  agreement  and 
distribution  of  potnetial  along  the  high-voltage  insulator.  The 
presence  in  system  of  dielectric  with  a  comparatively  large 
conductivity  makes  it  possible  tc  avoid  the  partitioning  of 
insulator,  which  substantially  simplifies  its  production. 

As  the  electron  source  it  is  utilized  from  1  to  5  tungsten 
needles  in  radius  of  bending  -0.  1  am,  prepared  with  the  method  of 
electropclishing  from  wire  d 2-3  mm.  is  provided  for  the  possibility 
cf  a  precise  change  in  ac  anode-cathode  distance  for  the  control  cf 
the  impedance  of  gun. 

Construction/design,  calculations  and  study  of  nanosecond 
oscillator  and  gun  in  greater  detail  are  examined  in  the  separate 
reports. 

i 
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2.  T.  H.  Martin.  IEEE  Trans,  cn  Nucl.  Sci. ,  1369,  NS-16,  No  3,  p. 
59. 

Discussion. 

A.  A.  Vorobyov.  Did  act  cast  you  to  utilize  in  your 
dev ices/equip aent  water? 

3.  N.  Yablokov.  Tie  use/application  of  water  in  the  dual  foraing 
lines  is  possible  with  the  very  $ocd  quality  cf  water  (specific 
inpedance  >10*  to  oh  as  ci).  However,  work  with  this  water  is  very 
complicated.  It  is  difficult  tc  preserve  gocd  qualities  of  water  in 
the  metallic  volumes.  Ir  this  case  the  line  aust  be  equipped  with  the 
continuously  operational  systea  cf  the  icn-exchange  decontaaination. 
Furthermore,  during  the  cse  cf  water  line  tc  the  duration  of  pulse  cn 
the  order  of  40  ns  beccics  short  and  with  voltage  on  the  order  of  1 
Me V  its  diameter  becoacs  compared  with  the  length.  This  line  is 
converted  into  the  capacitor/ccroenser. 

v.  G.  Bagraaov.  Hew  as  provided  the  operational  stability  of 
aulti-spark  discharger/sap? 

B.  N.  Yablolcov.  As  yet  we  did  not  obtain  the  aulti-spark  work  cf 
discharger/gap.  However,  we  hope  taat  with  a  sufficient  power  in  the 
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sparks  and  the  diversity  or  the  igniting  sparks  in  the  space  it  will 
be  possible  to  attain  the  aulti-spark  work  of  discharger/gap.  Mow 
spark3  break  down  with  the  precision/accuracy  of  better  than  2  ns. 

Page  98. 

S.  B.  Vasseraaya.  kb/  /ou  do  consider  that  the  subdivided  tube 
is  aore  complicated  then  cne-piece/entire,  and  froa  what  aaterial  it 
is  proposed  to  manufacture  one-piece/ent ire  icsulatcr? 

B.  N.  Tablokov.  insulator  cf  gun  is  aade  froa  the  fiberglass.  To 
groove  insulator  in  one  part  in  cur  case  is  possible,  and  this  is 
siapler  than  to  collect/coapcse  it  froa  the  series/row  of  rings. 

Yu.  P.  Vakhrushin.  fihich  dielectric  strength  of  glycerine  in 
your  operating  aodes? 

B.  N.  Yablokov.  According  tc  cur  data,  the  breakdown  of  glycerin 
in  the  areas  of  electrcdes  -10*  c«J  begins  with  the 
intensities/strength  of  field  *30-250  kV/ca. 

7.  Hines.  Bhich  eaittance  of  gun? 


B.  N.  Yablokov.  Be  yet  did  not  measure  the  eaittance  of  gun 
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Sork  with  it  recently  has  begun. 

v.  L.  Komarov,  ahat  value  cz  alectrcnic  current  you  did  obtain 
cn  tha  model? 

3.  N.  Tablokov.  On  the  preliminary  measurements  the  current 
strength  comprises  500a. 

V.  G.  Bagramov.  ifcat  type  the  transforming  line? 

3.  K.  Tablokov.  eipcnential  type  transforming  line,  in  more 
detail  about  this  is  speeca  in  toe  following  report. 
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26.  Po war ful/t hick  nancsecctd  oscillator. 

L.  N.  Kazanskiy,  B.  ti.  laolokov. 

(Physical  institute  ia.  £.  a.  Lece de?  of  the  AS  USSB) . 

1.  Saneral/coamon/total  description. 

Oscillator  is  intanded  for  cha  supply  of  the  field  amission 
electron  gun  (EP)  of  setting  up  SSO-1  by  single 
iapulses/moaenta/pulses  tilth  tne  following  parasetars: 

Voltage  ...  2  Re¬ 
current  ...  50  kA. 

Duration  of  the  pulse  ...  15  ns. 

Duration  of  the  fccnt  (sue ar/section)  ...  10-12  ns. 

The  generation  of  cutput  pulse  is  accoaplished/realized  on  known 
diagraa  [1,  2]  with  the  use  cf  dual  foraing  of  lines  [ DPI)  1  [3], 

f  yg 

which  is  charged  by  resonance  method  froa  ftrkad  ava-narx's  oscillator 
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(GIN)  . 

FOOTNOTE  i.  In  the  foreign  literature  DFI  is  known  by  the  name 
ElUBl9in.  ENDPOOTNOTE. 

However,  oscillator  has  some  peculiarities  associated  with  the 
tendency  to  maximally  decrease  tie  dimensions  of  setting  up. 

Pirst,  is  utilized  liquid  polar  dielectric  with  the  high 
dielectric  permeability  -  glycerin  (  e  -42).  In  the  second  place, 
impulse/momentum/pulse  DEL  transforms  itself  for  decreasing  the 
voltage  of  charge  DFL.  lhirdly,  dischar ger/gaF  of  DFL  is  ccnrected 
between  the  grounded  electrode  arri  the  high- voltage  electrode  at  the 
Foint  where  to  the  latter  is  injected  frcm  GIN,  This  location 
facilitates  control  cf  discbargex/cap  and  pzcvides  "reference"  of  GIN 
from  BP  and  DFL  after  tbe  commutation  of  the  latter. 

Fundamental  oscillator  circuit  is  given  in  Pig.  1.  DFL  1 
consists  of  two  lines  L,  and  connected  on  the  entrance  of  the 
transforming  line  (TL)  ,  which  is  made  in  the  form  of  the  steady 
exponential  transition  (see  this  coll.,  page  CO,  Fig,  1).  The  charge 
of  line  L2  is  accomplist ed/realizeu  through  tbe  spiral 
short-circuited  line  (Kl) .  ill  elements/cells  of  oscillator,  with 
exception  of  GIN,  have  coaxial  performance,  wbick  makes  it  possible 
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to  atilize  the  grounded  electrode  as  the  screen  and  to  decrease  the 
edge  effects. 

2.  Identification  of  parameters  and  calculation  cf  oscillator. 

With  the  energy,  given  up  mtc  the  bean  cf  -3. 0-3.5  kJ  in  the 
impulse/aoaentua/pulse ,  the  energy,  accumulated  in  DFL  taking  into 
account  the  disagreeaerts/aisaatches  and  the  losses.  Bust  compose  Ux5 
kJ.  Voltage  DFL  relative  to  voltage  on  SF  is  determined  by 

identification  of  paraaeters  TL.  if  TL  and  DFL  are  filled  with 

^5,  a<*,n’ET^’ 

identical  dielectric'  A  taen  the  length  cf  these  lines  they  are 
connected  with  r slat ietsbip/tatic  £4] 

tTrt/eA*rt"2t3/T“(€,,Kj2/(AU/u),  (1) 

where  -  delay  TL;  t  -  transformation  ratio  of  voltage;  AU/0  - 
taper  of  pulse  apex  at  tke  output  cf  TL.  Accepting  A0/U*0.  1  ana  /v  we 
will  obtain  K  =  1.4.  Thus,  voltage  DFL  aust  be  1.4  nv.  and  capacitance 
caen  0,5000  pF. 

For  an  increase  in  the  pulse  power  the  duration  of  pulse  (r)  and 
output  resistance  of  D  f  1  ( z b  - ‘ ^ Z2  }  should  be  selected  as  saall 
as  possible 

o  W  u2 

r  z,-z2  *  (2) 

Here  zt  and  z2  -  wave  iapedance  cf  Lt  and  Lt.  However,  their  decrease 
is  liaited  by  the  permissible  duration  of  pulse  edges  and  by  the 
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inductance  of  discharger/gap  (kp)*  Accepting  t,p«o,2r  and  taking  into 
account  that  t0»2,2  Lp/2f,  H«  obtain  with  zt=z2-z 

X >11Lp/21“  4,7  (W/Lp)#  * U  1  .  (D 

Hence  it  follows  that  with  v  14  /value  which  hardly  it  is  possible  to 

Lp  >  2.10'° 

decrease  with  u>10*  V,)  r>i 5  ns  ana  zV  ch« . 

Eage  99. 

The  selection  of  dielectric  DEL  and  its  gecaetry,  i.e.,  the 
relation  of  the  diaaeters  or  coaxial  electrodes  a=D ,/D2=D2/D 3  is  aade 
from  the  condition  of  taxiaua  specific  energy  content  (W/7)  *ith  the 
given  ones  zt=z2  *. 

FOOTNOTE  1 .  Equality  the  wave  lapecance  of  Lt  and  l2  in  the  principle 
is  not  necessary,  but  it  is  necessary  for  the  full/total/complete 
agreeaent  of  DFL  with  the  load.  ENDFOOTNCTE. 


(5) 
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for  oar  oscillator  they  wars  selected  «=  2.  12  and  glycerin  (  e  -39-45). 

It  is  interesting  tc  nets  that  with  the  prescribed/assigned  wave 
impedance  of  DFL  is  a  specific  cptimum  dielectric  permeability  of  its 
filling  dielectric.  For  tae  illustration  let  ns  give  the  following 
example:  for  Zt-Z2=7  cha  and  r*3S  os  the  volume  DFL  tc  20o/o  is  more 
during  the  use  of  water  in  ccsparison  with  the  glycerin  with  the 
equal  maximum  electric  intensities. 

On  the  basis  of  the  given  accve  considerations  it  is  designed 
and  prepared  the  model  cf  oscillator,  the  parameters  and  basic 
dimensions  of  which  they  are  given  in  Tabla  1.  For  the  model  are 
prepared  the  dischargers/gaps  DFL  cf  two  types:  radial  and  axial 
(Pig.  1).  Dischargers/ caps  ara  trigatrons  with  6-10  ingnitinc  for 
guaranteeing  the  multi-spark  mode  of  operation  [5]. 

The  charge  of  GIN  is  assembled  of  four  standard  GIN-400-0.06/5. 
Serpukhov  plant:  two  parallel  ccluans  on  2  pieces  in  each 
consecutively/serially. 


3.  investigations 
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Sera  measured  in  the  range  C.  1-100  MHz  dielectric  permeability 
€  and  quality  <?  ■  o'<fS  of  glycerin,  water  and  alcohols  (Fig.  2). 

Has  investigated  the  passage  or  narrow  pulses  (10-50  ns)  thrcugh  the 
lines,  filled  with  these  dielectrics.  The  best  characteristics  they 
possess  the  thoroughly  cleaned  kith  water  ( p >10**G/ca)  ,  glycerin  has 
acceptable  data,  if  is  permitted  toe  duration  of  fronts  -10-12  ns. 

Has  simulated  the  process  c t  charge  of  DFL  for  the  selection  of 
the  optiaua  parameters  (ZK io  ohm,  tji7  ns,  LKn*i,9  mH)  and 
the  estimation  of  prepclse  voltage  on  EP.  The  process  of  charge  is 
checked  on  the  model  (Fig.  3) :  eaxamum  voltage  cf  DFL  composes 
-120o/o  from  total  charging  wcltage  of  GIN,  vcltage  on  EP  during 
charge  <10o/o  from  the  vcltage  cf  operating  pulse. 
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Table  1. 


£ ^y.ien  reHepaTopa 

a<t>n 

TA 

UHaneKTpMK 
^MKOCTh,  "4> 

^^tMIHOBOe  COnpOTHB/lGHHe,  OM 

lu) 

Koa^iHUMGHT  rpaHc4>opMaiuiH 
u 

^  / 
rnHU*‘pKH  V 

6  -42,5) 

5000 

900 

14 

14-30 

- 

l  ,46 

™unirr«?/tbHocTb  poaoHaHcworo 

aapaaa,  mkc°k 

^SnHTe/tbHOCTb  HMny/tbca,  uceK 
^  aitaMeTp  a/ioKTooaoe.  cm 

no 

unHHa.  cm 

0,6 

“ 

35 

9;  19; 41 

9;  16;  41 

85 

100 

^XaKCHMa/ibHafl  Hanp^woHifocTb 
non*  npH  3apqaiioM  iianp«>Kp- 

MHH  1 ,4  Mb,  hb/cm 

420 

600 

Key:  (1).  Node/unit  of  oscillates.  (2).  dielectric.  (3).  Glycerin. 
(4).  Capacitance,  pF.  (5).  have  rapedance,  cba.  (6).  Transf oraaticn 
ratio.  (7).  Duration  of  resonance  charge,  ps.  (8).  Duration  cf  pulse, 
ns.  (9).  Diaeeter  of  electrodes,  cm.  (10).  Length,  cm.  (11).  Haxinue 
strength  of  field  with  charging  voltage  1.4  H7,  iv/ca. 


V/AVA'Aft 
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Results  of  measuring  the  inductance  of  dischargers  froa  a  number 
cf  spares,  which  were  being  imitated  by  thin  wires  of  are 

shewn  in  Table  2.  Are  ctvious  need  the  guarantees  of  multi-spark  work 
cf  discharger  and  advantage  cx  radial  discharger. 

Daring  model  tests  for  tne  electric  strength  charging  voltage  cn 
CFL  was  raised  to  600  kv.  dreakdewns  in  the  discharger  were  not 
ebserved  at  pressure  cy  the  ata.  (discharger  was  tested  on  10 

at  a.)  . 


Kith  600  kv  at  the  second  aaxxaua  charging  voltage  there  were 
the  breakdowns  in  the  glycerin  cn  the  end/face  of  D FL  (E-230  kV/ca) . 

Is  at  present  initiated  the  production  cf  basic  oscillator 
(u a*h  ■‘•4  Usn  “2,°  BV).  me  aaxiaua  strength  of  field  in  it  is 

selected  with  >200  kV/ca,  outer  dxaaeter  DPI  is  600  an  and  its  wave 
iapedance  to  Z|33.3  oha  and  z2=6*5  oha. 
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Fig.  3.  Frequency  deperceaces  of  dielectric  permeability  (solid 

lines)  and  quality  a31/tcd  (dotted  lines).  1.1*  -  technical  glycerin 
(p=1.  7  •  1 0  •)  ;  2.2*  -  glycerin  'a'  <p=60*10*);  3.3*  -  distilled  water 
(p=10*);  4.4*  -  thoroughly  purified  water  (p=~10*);  p  -  volumetric 
impedance  [ohm*ca]. 

Key:  (1)  .  dHz. 


Fig.  4.  Charging  voltagee  on  lines  of  DFL  V,  on  Lt  and  V2  cn  L2. 
Scale  on  the  horizontal  0.2  »*s/ca,  on  the  vertical  line  200  kV/ca. 
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^able  2. 


— zn 

Hiiciio  Kaua/ioa 

1 

2 

3 

4 

5 

6 

Paawa/ibHbiH  pa3- 
pflAHHK,  aaaop 

4,5  cm 

60 

28 

17 

12 

11 

9,5 

AkCHaJlbHbli)  pn3- 
paaH HK,  3330P 

4,0  cm 

75 

40 

32 

29 

26 

24 

Key:  (1).  Nuaber  of  channels.  (2).  Radial  dischargar  clearance  4.5 
ca.  (3).  Axial  discharccr  clsaracce  4.0  cm. 
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Discussion. 


A.  a.  Vorobyev.  Hot  £  understood.  You  dees  interest  microsecond 
range? 


L.  N .  Kazanskiy.  The  cfcarge  at  the  forming  line  is 
acccmplished/realized  during  C.4-U.6  ps,  the  duration  of  the  output 
pulse,  which  enters  the  electros  gun,  30-50  ns  at  the  level  0.5  of 
amplitude. 

v.  G.  Davydovskiy,  iiaat  efficiency  of  systea  you  expect  to 
obtain?  How  aany  iapulsas/acmenta/ pulses  in  the  unit  of  time  can  give 
system? 


L.  N .  Kazanskiy.  Ifficiencj  relative  tc  the  energy,  stored  up  in 
GIN  must  compose  with  approximately  50o/o.  sepetiticn  frequency  is 
determined  by  those  utilized  Glks  (GIN  -  400-C.06/5).  Naxiaua 
frequency  -  2  imp. /min. 


i 
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.  Investigation  of  intense  electronic  ones  cn  the  accelerator 
US-5. 

W 

.  A.  Abramyan,  S.  B.  etfesserman ,  V.  G.  Votintsev,  V.  M.  Dolgushin, 

y 

N.  Lukin,  B.  G.  Shklyaev. 

nstitute  of  nuclear  physics  of  SC  AN  USSR  Csiberian 

partmant  of  the  Acadeay  cf  Sciences  of  th3  USSR]). 

The  accelerator  BIlS-5,  intended  for  obtaining  the  beams  of 
lativistic  electrons  in  the  shcrt  (40-50  ns) 

pul3es/momenta/pulsas  nita  tne  currents  to  30  kA,  was  constructed 
d  launched  in  the  institute  cf  nuclear  physics  of  SO  AN  USSR  in 
69  [1]. 

During  last  year  was  conducted  the  work  cn  the  improvement  of 
e  construction/dasigr  cf  accelerator  and  the  irvestigation  of  the 
rameters  of  beam.  At  present  all  assemblies  and  systems  of 
celarator  stable  work  wit a  the  vcltage  of  high-voltage  oscillator 
1  8  MV  and  the  voltage  cn  accelerator  tube  tc  5  nv.  Pulse  repetition 
te  -  one  per  minute  (with  the  work  with  the  issue  of  beam  in  the 
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ataosphere) . 

Accelerator  is  aade  cn  ccascn  for  installations  up  of  such  type 
diagraa:  the  source  cf  high  wcltage,  which  leads  high-voltage 
capacitance,  discharger  -  peaking  circuit  with  the  ignition, 
accelerator  tube  with  tae  ccla  cathode.  As  the  source  of  high  voltage 
is  used  the  pulse  gsnexator  cn  the  coupled  circuits  (transforaer  of 
T)  .  Insulating  oediua  -  aixture  cx  elegas  (sulfur  hexafluoride)  and 
nitrogen  in  relation  1:1  at  a  total  pressure  15  ato.  The  schematic 
diagraa  of  acceleratcr  is  snewn  in  Pig.  1.  The  description  of 
construction/design  anc  werx  ci  setting  up  is  given  in  [  1 ]. 

In  the  report  are  described  new  construction/design  and  special 
features/peculiarities  cf  tae  werk  of  subdivided  accelerator  tube  and 
dewatering  outlet  with  the  longitudinal  aagnetic  field,  and  are  also 
given  the  results  cf  studies  of  the  series/rew  of  paraaeters  and 
characteristics  of  the  accelerated  bean. 

Accelerator  tube  and  dewatering  outlet. 

Accelerator  tube  (iig.  2)  consists  of  the  insulating  rings,  aade 
froa  fiberglass  and  divided  by  electrodes  of  duraluain  with  rubber 
gaskets  joints.  Total  rusher  or  sections  -  13,  the  length  of  tube  of 
approxiaately  75  cm.  The  ccnatruction/design  of  tube  is  aade 
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according  to  the  type  cf  the  discountable  tubes,  which  successfully 
work  in  the  pulsed  accelerators  with  thermcemissicn  cathode  [2]  with 
the  aicrosecond  pulses  ci  vcitage.  In  accordance  with  A.  viatson's 
recoaaendations  [3]  frci  the  vaccua  side  the  surface  of  insulator  is 
nade  conical.  The  gecnetiy  cf  tube  as  a  whole  was  selected  on  the 
electrolytic  bath  in  such  a  way  that  voltage  distribution  according 
to  the  sections  would  be  close  to  the  uniform. 

is  noted  above,  tcbe  successfully  wcrks  with  the  voltages  on  it 
to  5  MV.  however,  there  is  nc  t ull/total/cca plete  confidence  in  the 
fact  that  the  naterials  eccepteo  and  the  gecsetric  forms  of 
insulating  rings  and  metal  electrodes  are  optimum.  Are  at  present 
initiated  studies  of  dielectric  strength  of  different  in  the 
material,  the  sizes/di lecsions  and  the  geometry  sections  on  the 
high-voltage  (to  1  MV)  nanosecond  bench. 

The  necessary  condition  for  the  norsal  work  cf  accelerator  tube 
is,  as  usual,  its  preli Binary  aging/training.  The  attempt  to  conduct 
aging/training  tube  in  the  operational  conditions  by  the  method  of  a 
gradual  increase  in  the  voltage  aid  not  yield  positive  results:  the 
effect  of  aging/trainirg  was  absent.  The  energy,  isolated  in  this 
case  in  the  channel  cf  discharge,  composes  -1  kJ  (with  the  voltage  of 
the  generator  ~3  NV)  anc,  apparently,  it  is  excessively  great.  The 
successful  aging/training  of  tube  is  realized  with  parallel 
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connection  of  sections  and  upon  their  ccsnecticn  to  the  high-voltage 
electrode  of  oscillator.  In  this  case  the  energy,  isolated  in  the 
channel  of  discharge,  cces  net  exceed  10  d.  Aging/training  tube  in 
the  accelerator  directlj  proves  to  be  possible  because  of  the  fact 
that  the  voltage  of  the  generator  is  easily  regulated  virtually  frea 
zero.  Of  this  consists  era  cb  the  advantages  cf  pulse  generator  on 
the  coupled  circuits  in  ccapariscn  with  Marx’s  oscillator. 
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Pig.  1.  The  schematic  diagram  of  setting  up.  1  -  boiler;  2  - 
transformer;  3  -  high-vcltage  electrode  (conductor)  ;  4  -  accelerator 
tube;  5  -  delivery  pert  (andes)  ;  t>  -  cathode;  7  -  insulator;  8  - 
electrode  of  tube;  9  -  discharger-peaking  circuit;  10  -  capacitive 
voltage-divider;  11  -  unit  of  ignition;  12  -  rectifier;  13  - 
electrode;  14  -  primary  winding;  15  -  secondary  winding;  16  - 
insulating  basis/base;  17  -  oscillator  of  the  supply  of  ignition;  18 
-  shunting  discharger  19  -  electrode  of  capacitive  protection;  20  - 
oscillatory  circuit;  21  -  "transparent"  part  of  the  conductor;  C,  - 
capacitor  bank;  Pt  and  Ea  -  air  dischargers 

Page  102. 

The  prepulse  voltacc,  aiaed  in  the  accelerative  gap/interval 
(because  of  the  capacitive  division)  cf  op  tc  functioning  of  a 
discharger-peaking  circcit  (fig.  1),  can  lead  to  the  vacuus  breakdown 
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across  gap*  which,  as  a  rule,  streets  the  geeietry  and  ether 
parameters  of  beam.  Fee  preventing  the  vacuus  breakdown  across  gap  in 
the  prepulse  stage  we  accepted  erasures  k  fer  a  reduction  in  the 
value  of  the  aimed  prepulse  vcltage,  sc  for  ar  increase  in  dielectric 
strength  of  accelerative  gap/inter val. 

For  the  purpose  of  tae  decrease  of  potential,  aiaed,  to  the 
high-voltage  electrode  cf  9  tubes  (Fig.  2)  ,  the  latter  is  displaced 
into  the  depth  of  housing  1 ,  m  this  case  the  clearance  of  a 
discharger-peaking  circuit  9  (Fic.  1)  increases.  For  agreeing  the 
electrical  strength  of  a  discharger-peaking  circuit  with  the  strength 
of  the  high-voltage  clearance  of  oscillator  is  utilized  point  10 
(Fig.  2) .  The  value  cf  the  aiaed  vcltage  on  the  tube  coaposes  ~2.5c/c 
cf  the  high  voltage  cf  tie  generator. 

The  dewatering  cutlet  cf  rule,  shown  in  Fig.  2,  aakes  it 
possible  to  arrange/lccate  window  5  at  the  considerable  distance  froa 
the  emitter  with  the  sufficiently  high  electric  intensities  on  the 
cathode.  The  longitudinal  magnetic  field,  forced  by  solenoid  6, 
saoothly  builds  up  in  tic  value  tc  3-4  kg  and  it  further  remains 
approximately  permanent  up  tc  delivery  pert.  The  divergent  froa  the 
cathode  bundle  becomes  then  parallel.  This  dewatering  outlet  has 
essential  advantages  befere  it  is  usual  by  exkaust  systea  (see  Fig. 

1)  .  The  size/diaension  cf  beaa  cn  the  anede  can  be  easily  regulated; 
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dielectric  strength  of  gap/inter  val.  in  the  prepulse  stage  noticeably 
grows/rises,  impeding  trtaJcdc wns  (the  "disrupticns/separations"  of 
the  induced  on  the  tube  voltage)  ;  processes  cn  the  ancde,  caused  by 
the  bombardment  with  electron  team,  more  weakly  they  affect  a 
reduction  in  the  impedance  cf  ga  p/interval  a  cathode-anode;  the 
insulator  of  tube  consiacraciy  tetter  is  shielded  from  the  becoming 
dusty  by  the  metal,  which  flies  rice  the  ancde. 

The  first  tests  of  dewatering  outlet  with  the  longitudinal 
building  up  magnetic  field  passed  successfully. 

Results  of  the  measurements  cf  the  parameters  of  beam. 

The  typical  oscillograms  of  the  impulses/mcmenta/pulses  of 
accelerating  voltage  and  current  (exhaust  system  usual)  are  shewn  cn 
Fig.  4.  with  air-gap  clearance  an  emitter-anode  4  cm  the  voltage  of 
the  generator  3  MV  of  the  aaplitude  of  the  beam  current  and 
accelerating  voltage  ccapose  SO  kA  and  3.5  cn.  Energy  of  beaa  in  the 
impulse/moaentum/pulse,  aeasurec  by  the  calorimeter,  placed  after  the 
foil,  is  egual  to  3  kJ . 

The  changes,  which  cccur  in  the  accelerative  gap/interval  in  the 
period  of  the  passage  cf  electron  taaa,  explain  the  higher  values  cf 
currant  in  aiddle  and  end/lead  cf  the  impulse/acaentua/pulse  in 


1 
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comparison  with  the  current  in  the  beginning  cf 

iapulse/aomentua/pulse  with  the  sane  voltages.  Maxima  voltage  on  the 
gap/intecval  is  achieved  thzcugn  IS  ns  since  the  beginning  of  the 
iapulse/aoaentum/pulse ,  and  it  is  possible,  apparently,  to  consider 
that  up  to  this  acaent/tcrguc  tie  characteristics  of  beaa  still  are 
deterained  only  by  the  enssive  properties  of  cathode  and  by  the 
geometry  of  accelerative  gap/anter val.  The  values  of  teas  current 
with  naxiaum  accelerating  voltage  in  the  range  um=i  ►  4  MV  is  well 
approxiaated  by  the  dependence 

V* 

^  m  . 

where  k  -  coefficient,  depending  cn  the  geoaetry  of  gap/interval, 
emitter  and  material  of  the  latter. 
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Fig.  2.  Accelerator  tube  and  devatering  cutlet.  1  -  housing;  2  - 
vacuua  chaaber;  3  -  HogcvsJci's  tana  ;  4  -  housing  of  deuatering 
outlet;  5  -  delivery  pert;  6  -  solenoid;  7  -  eaitter;  8  -  sensor  of 
voltage  on  the  tube;  9  -  high- voltage  electrode  of  tube;  10  -  point 
11  -  electrode  of  tube;  12  -  insulator;  13  -  sealer. 

Key:  (1)  .  Fora. 
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Pig.  3.  Voltage  on  accelerator  tube  during  entire  cycle  of  the  work 
of  installation  .  a)  a  discharger-peaking  circuit  did  not 
cperate/act uate :  b)  discharger  cp erated/actuated  (was  visible  voltage 
surge  on  the  tube) ;  c)  in  the  p repulse  stage  it  occurred  the 
"disruption/separaticn"  cf  voltage  (breakdown  of  vacuua 
gap/interval)  .  scanning/ sweep  -  5  i s/cm. 
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For  the  9 nitter  made  of  tne  stairless  steel  whose  form  is  shewn  in 
Fig.  5b,  with  air-gap  clearance  tc  the  anode  4  ci  :<*2.  240“12  A/V2.  It 
should  be  noted  that  the  tiaisn  cr  the  surface  of  emitter  and  the 
form  of  edges  (sharp/acute  oc  Blunted)  noticeably  value  k  do  net 
affect. 

Fig.  5  shows  the  cress  sections  of  electron  beam  on  the  anode 
with  maximum  accelerating  voltage  in  the  impulse/moaentum/pulse  for 
different  emitters.  The  circular  form  of  beam  section  from  the 
conical  emitter  is  well  known.  Expected  cn  tbis  basis/base  halving  of 
beam  on  the  circular  edge  and  possibility  of  changing  the  diameter  of 
beam  due  to  the  inclination/sicpe  cf  edges  were  confirmed  during  the 
investigation  of  the  slitters  whose  fora  was  given  in  Fig.  5b  and  c. 
The  configuration  of  beam  secticcs  was  observed  on  the  glass  plates 
which  were  placed  after  tna  aluminum  filters,  which  passed  only  the 
electrons  of  maximum  energies.  «it c  the  increase  of  energy  of 


electrons  the  diameter  cf  beam  decreases 
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Discussion. 

A.  N.  Lebedev.  1.  In  what  region  ci  energies  was  observed  law  of  5/2 
and  what  magnetic  field  strength  it  was  otilised  for 

conclusion/ootput?  2.  Hen  proper  field  of  beaa,  and  with  what  current 
were  conducted  experiments?  3.  Hbich  aaxinua  current  for  energy  5  fiev 
was  obtained  on  this  gun? 

S.  v.  Wasserman.  1.  Law  cf  5/2  was  observed  in  region  of  energies 
fren  1  to  3.5  He?.  Field  built  up  along  the  axis/axle  of  bundle  to  4 
kg.  2.  Experiments  were  conducted  with  currents  to  20  kA.  Magnetic 
field  strength  beaa,  unfortunately,  I  do  not  reaeaber.  3.  with  energy 
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5  ?!e7  currant  was  about  20  ka. 

A.  A.  Vorobyev.  How  does  darter  currant  from  iapulse/aonentua/pulse 
to  the  iapulse/aomentu n/ p ulse  and  which  the  duration  of  the 
continuous  work  of  this  setting  cp,  deterained  by  theraal  condition? 

S.  3.  wassernan.  scatter  rrca  cne  iapulse/acaentua/pulse  to  the  next 
in  liaits  cf  5o/o.  Since  aachiae  works  with  the  repetition  frequency 
of  1  times  per  minute,  then  a  question  about  the  theraal  overloads  it 
did  not  appear. 

I.  H.  Royfe.  Proa  what  aaterial  or  production  tube?  Co  not  intend  you 
to  decrease  the  duration  cf  frcrt? 

S.  B.  Wassernan.  For  the  insulating  rings  is  utilized  the  fiberglass. 
Electrodes  are  prepared  trca  the  dural.  Front  into  present  tine  is 
equal  to  IS  ns,  and  for  cur  purposes  there  is  no  need  for  it 
shortening. 

B.  N.  Yablokov.  what  delay  tiae  between  the  iapulse/aomentun/pulse  of 
trigatron  and  nain  discharge  cn  the  tube? 

S.  B.  Wassernan.  Delay  tiae  was  ret  measured,  but  the  stability  of 
functioning  good. 
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N.  V.  Pleshivtsev.  1.  ire  sucn  geometric  disensions  of  cathode  and 
its  material?  2.  Did  wcrk  ycu  it  icde/conditicns  kith  voltage  of  less 
than  1  J1V? 

S.  3.  Wasseraan.  1.  Cathcde  is  {repared  froa  stainless  steel  and  is 
cone  with  different  angles.  Usually  angle  -  6C°  and  length  -  3  ca. 
Point  had  a  rounding.  2.  No,  taay  did  not  work. 

y 

K.  V.  Khodatae v.  what  fxacticn/p crtion  of  energy  does  take  away  bean 
in  coaparison  with  the  ecaxgy,  stcied  up  in  the  battery? 

3.  B.  Wasseraan.  In  tbe  taxiaua  rating  energy  of  the  battery  of  10 
kJ,  on  the  high-voltage  electrode  -  7  k J ,  in  the  beaa  -  3  kJ. 
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28.  Discharge  through  higa-p ressure  gas,  initiated  ty  the  bean  of 
rapid  electrons. 

8.  a.  Koval'chuk,  v.  v.  Krainev,  0.  A.  aesyats,  Yu.  F.  Potalitsyn. 

(Institute  of  optics  of  tae  atacspnera  SC  AM  USSR)  . 

In  work  [ 1  ]  it  was  shown  than  for  eliminating  channeling  the 
discharge  through  gas  at  a  aiga  pressure  it  is  necessary  before 
beginning  discharge  to  have  lany  initiating  electrons,  distributed  by 
cathoda  cr  volume  of  gap/interval.  In  [ 2  ]  for  this  purpcse  it  was 
proposed  to  utilize  a  beam  of  rapid  electrons.  Let  us  examine  this 
possibility  in  more  detail. 

Let  there  be  the  cas-rilled  gap  with  a  length  of  d  with  the 
electric  intensity  £„  and  by  pressure  of  gas  p.  If  from  the  side  of 
cathode  into  it  enters  union  electron  beaa  by  section  s,  with  the 
current  density  j,  and  energy  w  (Fig.  1),  then,  by  disregarding 
secondary  processes  on  the  cathode  and  by  taking  into  account  impact 
ionization  and  electron  drift,  we  will  obtain  the  equation  of 
continuity  for  the  electrons 

t) ff.(»,t)^(x.t)-M|(t) .  ( i) 

at  o  x 
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To  account  for  the  affect  ox  space  charge  W9  will  use  the  equation  cf 
Foisson 

3£(x,t)  P.(x,t)-p_(»,t)  {2) 

5x  ”  Eo  ’ 

where  p_(x,t)  and  p+(x.t)  -  density  cf  the  electron  charge  and  ions  in 
the  gap/interval:  v_(x.t)  and  -  drift  velocity  and  coefficient 

cf  iapact  ionization;  £0  -  dielectric  permeability  cf  vacuui; 

6(x,t)  -  strength  of  field  in  the  gap/interval, 

iJ(t)nop0op;  (3) 

n„=3.  S^IO1*  1/c«3*torr;  6cp  -  saddle  ionization  cross  section,  ci*; 

F  ~  g as  pressure  in  the  gap/rnterval,  torus.  Boundary  and  initial 
conditions 

P_(O.t).0,  p_  (x,  o)  “  0  •  U) 

Values  v.  (x,t)  and  a(x.t)  are  deter  mined  ty  the 
intensity/strength  of  field  t(x,t),  and  the  latter  by  a  voltage  drop 
across  gap/interval  U(t).  Value  0 (t)  is  determined  frca  the  equation 
cf  Kirchhoff.  In  the  case  cf  the  discharge  to  the  gap/interval  of 
capacitance  C 

* 

U(t)-U0-  -g-  |t(t)dt,  (5) 

0 

while  in  the  case  of  tie  discharge  of  line  with  the  wave  iapedance  cf 
E 

U(t)-U0-RL(t),  (5)1 


a  1 
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where  i(t)  -  the  current  through  rue  gap/interval. 


In  general  the  solution  of  system  of  equations  (1),  (2),  (5)  is 
difficult;  therefore  let  us  introduce  soie  liiitaticns.  Assuaing  that 
at  any  moment  of  time  ^“0,  one  solution  of  equation  (1)  taking  into 
account  conditions  (4)  leads  to  the  current  through  the  gap/interval; 

it  t 


L(t) 


v.tt  )S 


j  d*|  i|i(t,)e*p[Joi(t,*)ir.(t")dLt]*^) 
“  [*“I  v'.Ct")dt']  dt'. 


If  for  the  duration  of  electronic  flux  -c,  and  length  of 
gap/interval  d  are  observed  the  conditions 


p  » 


v.(t)dta»1  , 


(7) 


where  tp  the  time  of  discharge  build-up  then  from  (6)  for  the 
current  in  the  discharge  circuit  u«  will  obtain 


i(t)  <■  eocpQ  <*(t") v_(t")  dt"^ ,  (  a) 

where  „  ec,n.pd  p . ,  This  process  of  an  avalanche-type  increase 

in  the  current  was  axarinea  by  us  in  [1,  2].  Let  us  pause  now  at 
other  case  when 


V«tp  (ft 


(9) 


Key:  (1) .  and 


T)  -  diaThra°n 
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If  a  potential  difference  between  the  cathode  and  the  anode  is  such, 
that  u^*S0d<urr  (uCT  -  static  treakdcwn  voltage),  then  with  the 
observance  of  conditions  (3) 

|  v. (t) d.t -*f(i .  O') 


Conditions  (9)  and  (9*)  lean  that  the  inpact  ionization  by  electrons 
can  ba  disregarded/neglecteo  and  tnat  the  length  of  election  drift  is 
ouch  lower  than  the  length  cf  gap/interval. 


Onder  condition  (9),  taking  into  account  that  v  tt)  -  K„  ,  the 

«  pa. 

solution  of  equation  (6)  for  the  discharge  of  capacitance  leads  to 
the  current  in  the  ccntctr/outlire 

i,(t)-U,lteip^--|^,  (,0) 


while  during  the 


discharge  of  the 
i  +  R\t  * 


line 


( icf) 


where  f  i,9-|9s-con»t-  ~  teas  current  of  the  initiating 

electrons,  when  t<t#  asd  t3-o  kith  t<0. 


Foraulas  (10)  and  (10*)  were  obtained  under  two  conditions: 
constancy  along  the  gap/mterval  of  the  intensity/strength  of  field 
and  ionization  czcss  section  e-e^-const. 
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Tha  effect  of  space  chaiga  on  the  strength  of  field  along  the 
gap/interval  was  taken  into  consideration  during  the  solution  of 
system  (1)  and  (2)  by  tne  aetnou  of  successive  approximations.  During 
the  calculation  a  voltage  drop  in  the  coamutator  is  accepted  by 
constant  and  equal  tc  Ec.  as  the  zero  apprcxiiation  the  strength  of 
field  in  entire  gap/interval  was  taken  by  constant.  In  this  case 
solution  (1)  when  const, of(t)vilt)*o  takas  the  fori 

p_(x,t)- (11) 

with 


0  <  x  <  v_  fc  ; 

P.(*it) -<Vt .  (12) 

when  v‘°’t**<d.  Equation  U)  taxing  into  account  (11)  and  (12)  has  a 
solution 


s 

0  <  X< 


v.£0,t  d  2e0  \  6d 

gtv!0,t  (  x  xa  \ . 

&„  2vjB,ata  J  » 


+ 


(  13) 


V«t  <  x<  d.** 


UQ  Jtv^V 
d  +  »e0d 


(It) 


Onder  condition  (9')  by  field  change  in  basic  part  of  gap/interval 
(\r.,0,t<*<d)  with  the  sbcrt  tines  t  negligible,  and  in  region 
(0«*<v_£O,t)  for  sinplicity  it  is  accepted 
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,  2£.“. 


t 


Solution  (1)  in  the  first  approximation,  taking  into  account  the 
field  by  formula  (15)  taxes  tie  zero: 

-t*  4  t1 

x »  code  (tefc  -  tQ e  0  )  ;  (  ib. 

p  »  2  [enf  (t)  -  eaf(t„)]  ,  (it) 

where  t-t  ' :  t0  -  parameter,  which  is  changed  withi 

limits  of  t-0  with  change  x  within  limits  .  Q-v_l#,t.  The  vcltage  drop 
near  the  cathode  is  obtained  as  tha  integral  of  the  solution  cf 
equation  (2)  in  the  seccna  apprcxamation/apprcach,  i.e. ,  taking  into 
account  (16)  and  (17) 

UK*  U0ta)(2t_et  |  e|l(li)-  (  18) 

Assuming/setting  frea  (18),  we  have 

°  UK  2Ko_Uot-  2vj°’t  (19) 

u0  p  d*  d 

It  is  not  difficult  to  see  that  condition  (19)  is  identical  to 
condition  (9»)  .  This  means  that  with  satisfaction  of  condition  (9*) 
it  is  possible  not  to  consider  the  effect  of  space  charge  in  the 
cathode  on  the  coarse  cf  current  in  the  gap/interval.  In  this  case 
when  v't«d  we  have 

J/J8**"oP*d>  l20) 

i.e.  a  liaitation  to  the  gas  amplification  factor  of  current  in  tha 
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ga  p/interval. 


Checking  predicted  lasses  was  accomplished/realized  by  a  method 
of  the  coaparison  of  the  parameters  of  current  pulses  at  the 
discharge  of  the  non-ire  octave  cap acitor/ccndenser  with  a  capacitance 
C*3.5«10***  f  on  the  gas-filled  gap  with  a  length  of  d=8  an  with 
the  calculation  according  re  forauia  (10).  Frcn  (10)  it  fellows  that 
the  aaplitude  of  pulse 

,2" 

where  e  -  Haperian  base,  and  pulse  duration  on  the  half-height 


Substituting 


value  X 


*u“  'l¥  ■ 

f  i  c  a  (10*), 


(2t0 

we  will  obtain 


.K»«cpSC 


1,6 


V" 


Cd 


«Ko^ep*'» 


(22) 

(  220 


Electron  bean  with  current  i/,»u)1a.  was  forned/shaped  with  the  aid 
cf  nanosecond  direct  voltage  accelerator  [4]  with  the  field  eaission 
aultitip  cathode,  to  wtich  was  supplied  the  voltage  pulse  with 
amplitude  0*300  of  k¥,  duration  tjoeaa.iO-8  s  and  front  3.10^  s. 
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In  the  discharge  gap  being  investigated  the  electrons  fell  through 
the  diaphragm  from  the  titaniua  toil  with  a  thickness  of  50  ^.n. 

After  passage  thrcuch  the  foil  maximum  energy  cf  electrons  in 
the  beam  descends  on  AEseQ  the  keV  [5],  and  the  current  of  electrons, 
measured  after  diaphraca  with  tne  aid  of  the  faraday  cylinder, 
co  a  prised  i-9  ""-10  *• 

Pig.  2  gives  the  characteristic  oscillograes:  electronic 
current,  which  passed  through  the  roil  tc  the  discharge  gap  (Pig. 

2a):  discharge  current  with  the  autobreakdown  of  gap/interval  static 
breakdown  voltage  in  the  absence  or  electronic  current  (Pig.  2b) ;  the 
commuted  current,  initiated  by  electron  bean,  at  pressures  1;  6  and 
12  atm.  (Fig.  2c-e)  respectively. 

Pig.  3  depicts  the  expenaental  dependences  cf  the  amplitude  of 
commuted  current  on  the  applied  in  the  discharge  gap  voltage  with  the 
direct  current  of  electrcas  ■'*)  >  for  the  different  pressures 
(Pig.  3a)  and  the  experiiental  dependences  cf  the  amplitude  cf 
commuted  current  cn  the  pressure  in  the  discharge  gap  with  the 
different  voltages  (Fic.  3b).  bith  a  change  in  the  pressure  from  3  to 
15  atm.  the  experimental  value  cf  ratio  Va  ►  t,j  ohm.  The  pulse 
duration  on  the  half-height  tarely  depended  on  pressure  p  and  voltage 
U0  and  was  22-26  ns. 
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For  the  coaparisct  cz  a ipeziaent al  data  with  the  calculated  ones 
it  is  necessary  to  knew  values  rie  and  ^',p-  In  the  experiaent  value 
S.T  was  changed  in  liiits  (C.5-10)  of  V/cm«tcrr.  For  this  range 
f/p  according  to  the  data,  given  in  [3]  for  nitrogen, 

v  =  ",viu'’ i  £/ p’>i/\  consequently,  K0  ''•"•i"  C^/p)  1  **. 

Dependence  «(W)  fcr  nitrogen  is  given  in  Fig.  4  [5].  Is  here 
given  the  dependence  ptcduct  pa  cn  energy  of  electron  H  which  shows, 
what  is  necessary  ainiaua  energy  ct  electron  fc,  so  that  it  would 
cross  the  gap/interval  tta  d  pressure  of  nitrogen  p.  Under 
conditions  for  our  experiaent  product  pd*(0.i-i)  »10*  torr.ca,  rf«200 
kev,  therefore,  iocp-«  3,*3.io_r\-M2.’ 

After  substituting  in  (22)  and  (22*)  used  in  the  experiaent 
values  u3,  0Ci,d,  c  and  i/0 ,  we  will  obtain  that  io.^j  oha,  and 

2.  4»10"»  s  <tu<a,5.  s.  certain  disagreeaent  with  the  experiaent, 
apparently  is  caused  by  inaccuracy  in  deteraination  &Cp  Value  ocp 
will  be  substantially  atcve,  ir  we  consider  the  contribution  to 
resulting  quantity  St?,  caused  by  electrocs  with  low  energies  which 
are  foraed  with  the  passage  or  the  beaa  through  the  foil  and  through 


Fig.  2.  Oscillograms  ot 
currents. 


the  electronic  (a)  and  discharge  (b-e) 


Key:  (1).  kA.  (2).  ns. 
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Fig.  3.  Experimental  dependences  a  -  i,M  -  f(u0)  with  constant 
“  loo.i  for  different  p;  6  -  HP)  with  the  the  different  0o. 

Key:  (1).  Jr  A «  (2).  atm  (tecnj  .  (3).  kV. 


Pig.  4.  Dependences  f  { VJ  and  pd*f(W) 
Key:  (1).  torr*cm.  (2).  EeV. 
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29.  Aberrations  of  space  charge. 

Zh.  For. 

(Saclay,  Prance)  . 

When  in  1964  was  developed/ processed  preinjectcr  "Saturn"  to  750 
kev,  special  attention  was  given  tc  the  guaractce  of  constancy  of  the 
optical  properties  of  t«aa  fxca  tie  ionic  scarce  to  the  output  of 
tube.  For  this  optical  systea  aunt  be  as  possible  acre  linear.  For 
obtaining  the  linearity  cf  the  forces  of  space  charge,  at  least  in 
the  region  low  energies  cf  teas,  was  first  cf  all  investigated  ionic 
the  source  for  the  tarcet  clrarnate  the  effect  cf  aberrations  of 
space  charge  in  the  recicn  of  ccrclusion/cut pot  and  was 
achieved/reached  alacst  cnifcra  density  on  the  output  of  source.  In 
this  case  for  executing  calculating  the  beaa  focusing  was  aade  the 
assuaption  about  the  linearity  cf  the  forces  cf  space  charge  after 
the  region  of  conclusics/output.  Since  was  conducted  the  optiaixation 


> 


/' 
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cf  electrostatic  lens  free  tie  paraaeter  of  aberrations,  assuaption 
indicated  above  could  he  considered  justified. 

Bzpeciaental  results  with  the  energy  750  kev  showed  that 
although  was  obtained  slaost  calculated  eaittance  *  i,  V  ), density 
differed  fros  that  aeasuzau  by  the  output  of  source  and  near  the 
azis/azle  of  bundle  was  iaalure/ dip/trough. 

It  was  establisbec/installed,  that  density  distribution  depends 
aainly  on  eztraction  voltage.  Although  the  quality  cf  beas  was 
sufficient  to  high  ones  for  tne  injection  into  the  linear 
accelerator,  it  was  decided  tc  investigate  in  the  digital  fora  the 
effect  of  a  heterogenecss  space  charge  in  this  preinjector. 

Ereinjectoc  on  750  keV. 

Given  prein jeeter  was  already  described  [1].  Let  us  give  only 
voltage  distribution  alcng  the  ans/azle  where  it  is  possible  tc 
isolate  three  regions:  the  extraction  region,  focusing  and 
acceleration  (see  Fig.  1A) . 

Voltage  distribution  can  he  optimized  in  such  a  way  as  to  obtain 


at  the  output  of  accelerator  tube  the  contraction  of  beaa  in  the  free 
froa  the  aberrations  focusing  systea.  Calculations  were  carried  out 
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for  the  beaa  100  aA.  The  Mdsciid  eaittance  at  the  output  of  source, 
numbered  to  the  bean  ICC  aA,  is  1.2x10**  arad. 

Initial  forecasts  thecry  asd  experimental  results. 

Pig.  la,  depicts  envelope  cr  (articles;  eoittance  (t,V  I, 
obtained  as  a  result  of  initial  calculations,  it  is  given  in  Fig.  1b. 

The  direction  of  the  initial  velocity  cf  particles  and  axis/axle 
are  given  plane:  there  lore  it  is  possible  tc  calculate  only  action  in 
plane  ( ). 

Pig.  2a,  depicts  the  eaittance  of  beaa,  ex peri sent ally  eeasured 
at  a  distance  of  1.7  ■  exon  the  ionic  source.  Experimental  eaittance 
(a,t'  )  was  measured  with  the  aid  cf  the  openings/apertures,  agitated 
according  to  the  diaeeter  of  beaa  and  ensuring  the  pencils  which  are 
analyzed  by  means  of  lead-collectox/recsptacle,  arranged/ located  at  a 
distance  one  meter  on  the  course  of  beam.  Recording  the  current  of 
the  lead/duct  of  col lectcr/rcceptacle  gave  density  curves  and 
eaittance.  As  can  be  seen  esittacce  it  is  ccipared  with  the 
calculated;  whereas  dersity  is  heterogeneous  end  strongly  it  differs 
from  the  initial  (see  lig.  2b). 


I 
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Fig.  1.  Characteristics  < t  tfce  pxe.»n  jectcr :  a)  'J(z)  and  >n(*);  fc)  the 
calculated  eaittance. 


Key:  (1).  Voltage  Radios  selection.  (2).  fixicg-acceleration.  (3). 
cutput  of  preinjector.  (4).  *9.  (5).  Voltage  curve.  (6).  envelope  cf 
particles.  (7).  erad.  (8).  Siittance.  (9).  Ccctdinates. 
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Pacnpedeoenue  ruiomnOcniu 
nyvxa  no  Db/xode  i/cmovnuna 


fig.  2.  Experiaental  characteristics  of  the  tea*  cf  prainjecter  a) 
eaittance;  b)  density  cistxifcsticn. 

Key:  (1).  trad.  (2).  Density  distribution  of  teas  with  750  kv.  (3). 
tensity  distribution  ct  teat  at  cutput  of  seuxee. 

Cage  108. 

Rev  calculations  of  space  charge. 


In  order  to  include/ccnnect  the  nonlinear  effects  cf  space 
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charge,  with  the  aid  of  tae  program,  written  in  1960,  was  traced  the 
path  of  325  particles.  Eccantly  prcgraa  was  icdified  in  order  to 
trace  2000  particles  fcx  the  ease  aachine  tins  [2]. 

as  the  coordinates  cf  pcsita.cn  and  speed  in  the  prcgraa  are 
utilized  by  x,  y,  x*  and  y*,  sc  that,  eliaicating  neglects  of  the 
longitudinal  effect  of  space  charge,  with  calculation  was  not  done 
any  special  assuspticns.  Initial  values  were  taken  at  the  end  of  the 
region  of  pier  and  in  tie  initial  theory.  Expcriaents  showed  that, 
regulating  the  stress/ vcltage  cf  pier  and  the  pclarization  of  the 
fclock/sodule/unit  of  expanding  the  plasaa,  succeeds  in  obtaining 
Gaussian,  flat/plane  or  with  the  indentation  in  the  distribution 
center  in  the  density  ci  beaa  acccxding  to  the  section. 

Calculations  were  carried  cut  for  several  initial  distributions, 
which  approach  experiaental  cnee,  initial  region  enittance  was 
supported  by  the  constant:  1.8x10”*  srad  for  10C  aA. 

Numerical  results. 

First  of  all,  it  is  necessary  to  note  that  envelope  of  particles 
virtually  on  depends  or  initial  distribution  according  to  (x,  y)  .  In 
the  second  place,  results  are  alacst  not  depended  also  froa  the 
initial  distribution  acccxding  tc  (x'«  y ')  . 
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Therefore  will  be  civen  results  for  three  real  types  of  spatial 
distributions:  flat/plenc,  Gaussian  and  with  the  indentation  in  the 
center. 

Pig.  3  gives  distributions  uchin  and  outside  the  preinjectcr. 

It  is  evident  that  it  tie  case  cx  xlat/plane  and  even  in  the  case 
concave  initial  distribution  can  acise  the  indentations  in  the  region 
where  was  aade  the  neasuxeaent  of  eaittance  fcr  the  erergy  75C  keV. 

If  distribution  curve  carries  Gaussian  character,  it  is  possible  to 
cbtain  peak. 

Pig.  4  gives  the  curves  E»f<1)  (E  -  the  eaittance,  obtained  by 
projection  of  voluae  (i,  x*,  y,  j*)  but  for  the  concave  or  flat/plane 
distribution  (20o/o  for  S5o/c  ct  beaa) ;  however,  it  is  aore 
noticeably  in  the  case  cl  Gaussian  distribution  (75c/o) . 

Discussion  and  conclusicn/output. 

1.  Proa  Pig.  3  and  4  it  is  evident  that  depending  on  selected 


section  Gaussian  initial  distribution  gives  at  output  of  praisjectcr 
concave  distribution  cx  peak  ox  ascsity. 


DCC  *  30069209 


1 


F  1C£ 


/ 


This  can  be  explained  as  fellows:  let  A  and  B,  contained  since 
the  origin  of  the  coordinates  x,  x*  be  two  the  pencil  (see  Fig.  5a). 
Straight  line  OAB  is  distorted  by  the  nonlinear  effect  of  space 
charge.  Consequently,  when  teas  enters  irto  lens,  A  and  B  the;  are 
arranged/ located,  as  shewn  in  Fig.  5b;  calculation  shews  that  the 
density  of  beaa  in  this  section  is  saoothed.  The  effect  of  lens 
consists  in  increase  in  a  for  negative  x  and  in  decrease  of  x*  for 
positive  x.  In  Fig.  5,  is  it  is  possible  to  see  the  new  fora  of 
eaittance  after  the  passage  of  the  beaa  through  the  lens. 

In  accelerator  tube  the  eaittance  drifts,  as  shewn  in  Fig.  5d. 
It  is  easy  to  see  that  during  tie  correct  selection  of  section  the 
density  can  have  an  indectaticn  an  the  axis/axle.  Thus,  high  density 
cn  the  axis/axle  after  source  generates  due  tc  aberrations  of  space 
charge  beaa  with  the  cavity  inside. 


I 


i 

I 

i 
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Fig.  3.  Density  distribution  of  teas  within  aid  after  the  output  of 
preinjector. 

Key:  (1).  k  v.  (2).  Flat/ plane  distribution.  (3).  Gaussian 
distribution.  (4).  Distribution  with  indentation  in  center. 

Page  109. 

2.  Even  in  the  case  cf  unifcri  initial  density  fceaa  at  output  of 


preinjector  has  on  axis/axle  ecieubat  less  density.  This  density 
distribution  is  unsteady.  Dr.  Lapcstoll'  [3]  indicated  the 
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theoretical  possibility  cf  obt aanrng  the  stationary  fceaas  in  the 
peraanent  focusing  systcis;  however  hardly  it  is  possible  to 
generalize  theory  to  the  siectr cstatic  lenses,  used  in  this 
preinject or. 

3.  aas  given  trajectory  calculation  in  short  tube  where 
particles  at  first  are  accelerated  to  final  energy,  and  then  they  are 
focused  by  aagnetic  triplet*  For  tne  Gaussian  distribution  were 
obtained  analogous  resclts. 

4.  it  is  obvious  that  aberrations  cf  space  charge  which  lake 
bean  that  sore  diverging  cercre  lens,  increase  effect  of  aberration 
cf  lenses,  since  larger  quantity  or  particles  is  found  at  large 
resoval/distance  from  axis/axie.  Consequently,  the  effects  of 
aberration  of  space  charge  and  lenses  arc  summarized,  distorting  the 
density  of  bean. 
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Fig.  4.  Dependence  E=f  (I)  fci  tie  entrance  cf  the  focusing  lens  (100 
kV)  and  the  output  of  prein^ectcr  (750  kii)  a)  flat/plane  initial 
distribution;  b)  initial  distribution  with  the  indentation  in  the 
center;  c)  Gaussian  initial  distribution. 

Key:  (1).  nrad.  (2).  kS .  (3).  aA. 

Fig.  5.  Eaittance  and  density  distribution  cf  beaa  in  different 
sections  of  preinjector. 

Key;  (1).  output  cf  source.  (2).  Density.  (3).  aberrations  of  space 
charge.  (4).  Density.  (5).  entrance  of  lens.  (6).  aberrations  cf 
Ians.  (7).  Action  of  lets.  (8).  output  of  lens.  (9).  Density.  (10). 
Drift.  (11).  output  cf  premjectcr.  (12).  Density. 
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30.  Intense  pulsed  operation  cl  direct  voltage  accelerator. 

Yu.  Ya.  Stavisskiy. 

(Physics-energetic  institute,  Ctnirsk). 

In  recent  years  in  the  investigations  in  physics  of  sloe, 
interaediate  and  fast  ceutrcns  had  extensive  application  the  poised 
sources  of  neutrens  cn  the  basis  ci  accelerators  -  linear  electronic, 
synchrophasotrons,  isochronal  cyclotrons  [1].  All  these  sources  are 
characterized  by  the  hict  avciage/sean  neutrcc  intensities  (tc  2.  10*3 
R/s),  which  have  the  wide  energy  spectrum,  which  stretches  tc  tens  of 
■ega-electron-volts.  There  rs  special  interest  in  use  in  the  pulsed 
operations  of  the  accelerators  cf  the  protons  cf  the  direct  action 
(the  electrostatic  accelerators) ,  Baking  it  possible  to  obtain  the 
sharply  United  neutrcc  spectra,  up  v  the  soncenergetic  ones,  that 
epen  the  wide  circle  cf  supplementary  possibilities  in  the 
experiaent.  Onf ortunatel j,  the  existing  pulsed  sources  cn  the  basis 
cf  direct  voltage  accelerators  (see,  for  exasple  [2])  they  are 
characterized  by  relatively  low  average/ncan  intensities  and 
ronsiierably  are  infericr  ic  tens  cf  the  quality  factor  m-5/t*. 
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where  3T  -  average/mean  rautron  intensity. 

Mere  made  the  estimations  ci  the  possibility  of  the  realization 
c£  the  intense  pulsed  operation  of  direct  voltage  accelerator  (with 
the  average/iean  current  c£  pnetens  tc  2  mA)  . 

For  the  basis  were  accepted  the  cascade  generator  cf  the 
physical-energetic  irstitute  (Qtxunsk) ,  developed  by  NIIEFA  ia.  D.  V. 
Efremov  whose  design  parameters  provide  for  obtaining  the  continuous 
ion  current  of  protons  tc  5  al  bits  the  energy  to  2.5  NeV  (are  at 
present  in  the  alignaent  procedure  obtained  currents  to  0.6  jA  and 
stress/voltage  tc  2.2  ee?,  stability  on  the  stress/vcltage  7  keV). 

The  advantages  cf  cascade  generator,  together  with  the  high 
average/aean  current,  are  lazge  powers  for  the  supply  of  injectcr  (10 
kW)  and  possibility  of  oil  cooling  on  the  high-voltage  side,  which 
virtually  raaoves/takee  the  appropriate  limitations  during  the 
creation  of  powerful/thick  injector. 

During  the  estiaatiens  were  examined  the  elements  of  the  systems 
whose  parameters  were  aebie wed/reached  in  the  known  works  (ionic 
source  of  the  type  d ucplasaatzcr  to  the  current  *10  aA  [3]. 
accelerator  tube  kg-2.7,  the  system  of  magnetic  grouping  Nobile  [4]). 
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The  diagrae  exaeinea  prcviaes  for  the  interruption  of  the  ion 
current  of  source  (10  ii,  100  us),  klystrcn  grouping  before  the 
acceleration  (50  ai,  2C  ns),  additional  grouping  in  accelerator  tube 
(60  aft,  17  ns)  and  aagnctic  grouping  on  the  target  ("la,  1  ns)  with 
the  neutralization  of  the  vcluae  charge  of  the  cluster  (see  figure). 
Are  carried  out  the  evaluations  cf  the  affect  cf  space  charge  on  the 
radial  and  longitudinal  sizes/diaensicns  cf  cluster  in  the  process  of 
its  foraaticn  and  passage  through  the  accelerating  and  grouping 
systea. 

Cosparative  characteristics  ox  the  pulsed  scurce  of  neutrcns  on 
basis  kg  -2.5,  linear  electron  accelerator  and  isochronal  cyclotron 
are  given  in  the  table. 
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Fig.  Diagraa  of  installation  »*-«.!•  a.  i  -  irjector;  2 


Be petition 
Linak.  (9) . 


-  quadrupole 
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lenses;  3  -  astigmatic  lens;  4  -  analyzing  magnet;  S  -  Noblay 
grouping  magnet;  6  -  systea  or  scanning/sweep  cf  teas;  7  - 
neutralization  systea;  6  -  target. 
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31.  Stabilization  of  tie  positicr  cf  bean  after  the  accelerating  tube 
nith  the  inclined  fielc. 

A.  N.  Serbinov,  V.  P.  Yakushev,  V.  I.  Mukhaaetshin. 

(Physics-energetic  institute,  Ctninsk). 

The  use/applicaticn  of  the  ccnteaporary  accelerating  tubes  with 
the  inclined  field  reqcixes  the  trajectory  ccrrecticns  cf  bean  at 
output  of  tube  [1].  In  tie  sxaller  neasuxe,  bet  it  is  also  necessary 
certain  correction  and  is  the  perpendicular  direction,  aainly  due  to 
exchange  or  wear  of  the  systen  cx  the  extracticn  cf  icnic  source  in 
the  process  of  work.  Usually  the  correction  is  conducted 
autoaatically  with  the  aid  cf  tie  electrcnic  devices  and  the  feedback 
cn  the  bean,  i.e.,  is  accoaplished/realized  the  stabilization  of  the 
position  cf  bean  [2,  3*. 

On  the  accelerator  vhich  works  ce  the  tube  with  the 

inclined  field,  is  usee  the  stabilization  of  the  position  of  beas  at 
output  into  the  aagnetic  analyzer  in  two  autuallj  perpendicular 
directions.  Corrector  has  one  pair  of  plates  abich  deflects/ diverts 
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bean  in  the  "transverse"  direction  (i.e.  in  the  direction  of  the 
inclinaticn/slope  of  the  electrodes  of  tube) ,  and  two  pairs  cf  the 
plates,  which  displace  tcaa  in  parallel  in  the  "longitudinal" 
direction  (in  the  plane  c f  nagnctic  analyzer).  The  length  of 
deflector  plates  is  20C  wa,  the  clearance  between  thee  is  equal  to  48 
es.  The  "longitudinal"  pairs  ox  plates  are  lecated  frea  each  ether  at 
a  distance  of  580  on;  tettecn  ties  is  placed  the  pair  of  "transverse" 
plates.  Corrector  is  arrcnged/lccated  iosediately  after  the 
accelerating  tube.  At  a  distance  cr  1650  an  froa  corrector  and  300  an 
fren  the  entrance  into  the  lagnctic  analyzer  are 

established/installed  fetz  aeasunng  sector  plates,  which  fora  slots 
for  the  passage  of  the  teas:  4  an  tor  "longitudinal"  direction  and  6 
an  for  the  "transverse",  froa  the  plates  is  reac ved/taken  the 
feedback  signal.  Due  tc  the  presence  of  aagnetic  guadrupole  lens 
after  aagnetic  analyzer  toe  stabilization  of  the  position  cf  teaa  cn 
■ensuring  plates  sianltarecusly  provides  the  stabilization  of  the 
position  cf  bean  on  the  target. 

Electronics  of  both  channels  of  stabilization  is  carried  out 
identically.  Fig.  i  shcis  the  schematic  diagraa  cf  differential 
anplifier  and  exit  high-voltage  cascade/stage,  which  feeds  deflector 
plates.  Liaits  of  regulating  for  the  beat  with  the  energy  2.5  He?  are 
♦  -4. 8«10*"a  rad  in  "trace verse"  cirection  and  *-3.7  aa  in  the 
"longitudinal";  in  the  frequency  cf  approziaately/exeaplarily  100  Hz. 

I 
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General/common/total  factoz  or  amplification  cf  entire  system  of 
approximately  25. 

Pig.  2  depicts  the  regions  cf  the  permissible  particle 
trajectories  for  of  the  "transverse”  and  "lc cgitudinal"  directions  in 
the  plane  cf  the  output  cf  the  accelerating  tube  with  the  energy  2.5 
KeV.  Begion  3  relates  tc  the  plane  cf  aeasurieg  plates  uith  the 
smallest  factor  of  aap lit icaticn  cx  system,  vhich  still  provides  the 
use  of  an  amplitude  range  or  de vice/equipment  (5  for  the  "transverse” 
channel  and  2.8  for  the  "lcngituciral"  uith  the  energy  2.5  BeV) ;  it 
characterizes  the  possible  scatter  cf  trajectories  after  measuring 
plates.  With  an  increase  in  the  amplification  factor  the  linear 
component  of  region  3  (recreates  in  sc  many  ccce.  Thus,  the 
use/application  of  stabilization  cf  the  positicn  cf  beat  expands  the 
permissible  region  of  trajectories  at  the  output  of  the  tube  (this 
depends  cn  corrector's  amplitude  range)  and  raircus  the  region  of  the 
scatter  of  trajectories  in  the  place  of  measuring  slot  at  the 
entrance  into  the  magnetic  analyzer  (depending  cn  the 
general/commonAot al  factor  cf  a aplif icaticn  cf  entire  automatic 
control  system) . 

The  device/equipment  of  stabilization  lakes  it  possible  to 
measure  the  disturbance/ perturbation  of  the  trajectory  cf  bundle  with 
null  method.  An  example  cf  these  observed  during  the  work  of  the 
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accelerator  of  the  static  divergences  of  beaa  is  given  in  Fig.  3:  1  - 
"longitudinal"  even  4  -  a  "transverse"  increase  in  tbe  beaa;  straight 
lines  are  taken  with  a  consecutive  increase  in  the  energy;  the 
region:  2  -  "longitudinal"  even  2  *  "transverse"  airings  are  obtained 
during  the  observation  cl  the  position  of  beaa  during  the  lcrg  tiae 
(approxiaately/ezeaplarily  3  sooths),  when  accelerator  worked  on  the 
physical  experiment  with  differect  ones  of  intensity  and  energy  of 
lean  without  the  replaceaant  of  the  system  of  the  extraction  of  icnic 
source. 


Fig.  1.  Schematic  diagzam  cf  electronic  device,  that  feeds  deflector 
plates. 

Key:  (1).  entrance.  (2).  V.  (3).  tv.  (4).  plate. 

Fage  112. 

Straight  line  4  illcstzatee  well  the  large  aaplitade  working 
range  of  stabilization  sjstea.  Ike  large  airing  of  beat  with  a  change 
in  the  energy  was  observed  due  tc  the  teeporary/tiae  strong 
disturbance/breakdown  ci  the  ncainal  passage  ct  beat  in  the  icnic 
channal  of  accelerator,  eeasureicnt  of  the  disturbance/perturbation 
cf  the  position  of  beai  at  the  ectrance  into  the  eagnetic  of  analyzer 
gives  the  valuable  inferaatien  by  which  it  is  possible  to  judge  about 
the  state  of  the  systet  cr  tie  extraction  cf  ions,  the  passage  of 
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bean  by  the  tube  tilth  the  inclined  field  and  about  the  adjustient  cf 
aagnetic  analyzer. 

Fast  divergences  cf  the  position  of  beaa  are  shewn  in  Fig.  4a, 
and  b.  Against  the  genecil/ccaacc/total  background  sharply  are 
separated/liberated  the  greatest  divergences  which  follow  with  the 
period  of  revolution  of  charging  celt,  i.e.,  after  0.27  s.  In  the 
"transverse"  direction  the  rapid  divergences  dc  net  exceed  *-1.5  an, 
in  the  "longitudinal"  «-C.o7  u,  it  this  case  the  energy  of  beaa  was 
equal  to  t.l  Mev,  but  bean  current  on  the  target  was  50 

The  stabilization  systea  of  tne  position  of  teas  successfully  is 
operated  on  the  accelerator  86-2.5  of  note  than  a  year,  it  is 
reliable,  facilitates  control  or  accelerator,  dees  not  require  the 
interference  of  operator  in  entire  range  of  energies  0. 5-2.5  HeV.  The 
use/application  at  stabilization  of  the  position  of  beaa  increased 
the  reliability  of  work  cf  the  accelerator  as  a  whole,  appeared  the 
possibility  to  continue  tonal  operation  during  the  considerable 
displacement  of  frane  at  the  output  of  tube,  was  eliainated  need  in 
this  labor-consuaing  cp< ration/ pxccess  as  the  adjustaent  of  aagnetic 
analyzer  after  the  replaceaent  ct  the  systea  cf  the  extraction  of 
ionic  source.  Appeared  the  possibility  tc  constantly  aeasure  the  bean 
displaceaent  thus  to  fellow  the  state  of  ionic  circuit  and  to  utilize 
this  inforaation  for  tbe  ad^csticnt  of  aagnetic  analyzer. 
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Fig.  2.  Regions  of  the  txajectcries  of  bundle  a)  "transverse" 
direction;  b)  "longitudinal"  direction.  The  permissible  regions  at 
the  output  of  tube;  1  -  without  the  stabilization  of  positiot;  2  - 
with  stabilization  of  the  position  of  bean;  3  -  greatest  region  of 
the  scatter  of  trajectories  after  slots. 
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32.  Adjustaent  and  operation  of  the  electrostatic  accelerator  EG-1  of 
FBI  in  the  poised  operation. 

v.  I.  Volodin,  A.  I.  Glotov,  a.  2.  Dudkin,  7.  N.  Kanaki,  7.  N. 
Cononov,  A.  A.  Hetlev,  V.  A.  Hcaancv. 

(Physics-energetic  institute,  Ctrixsk) . 

For  the  experinentation  in  to  nuclear  physics  with  the  use  of 
the  tise-cf-f light  netted  in  the  region  cf  neutron  energy  cf  the 
erder  of  kiloelectronvclt  uas  developed  poise  icnic  scarce  and  was 
realized  the  translaticn/ccn vezsicx  of  the  electrostatic  accelerator 
EG- 1  into  the  pulsed  operation. 

Poise  ionic  source. 

Poise  ionic  source  consists  cf  high-frequency  ionic  source, 
systea  of  the  foraaticc  cf  ion  tcaa,  systea  cf  interruption  and 
correctioj  of  the  position  cf  teas  on  the  diaphraga  and  elactric 
pover  supply  (Pig.  1)  [1]. 
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Poraation  systee  c f  icn  o«ai  was  unipotential  three-electron 
Ians.  The  shaped  ion  bees  had  in  the  crossover  a  diaaeter  of 
approximately  2  as  (fez  the  ion  cuzcent  cf  approximately  1.5  aA  and 
enezgy  of  ions  30  ke7) . 

The  interruption  cf  ion  tea a  has  accoaplished/realized  cn  the 
tantalus  diaphrags  with  th«  epening/aperture  2x2  as,  located  in  the 
plane  of  the  focus  of  the  fozainc  systea  at  a  distance  of  37C  aa  froa 
hf  ion  source.  Before  the  diaphrags  were  established/installed  two 
autual  perpendicular  pairs  cf  the  deflecting  plates  with  a  length  cf 
50  aa.  to  which  were  sepplied  pezaanent  potentials  fez  the  ccrrection 
cf  the  position  cf  beas  cn  the  diaphragm  and  right-angled  surge 
voltage.  The  interruption  of  besa  with  the  aid  cf  the  pulse 
rectangular  stress/vcltace  aliened,  in  accordance  with  the 
zeguireaents  of  expedient,  it  is  independent  tc  change  over  wide 
liaits  repetition  frequency  (to  7CC  kHz)  and  duration  of  the  pulses 
cf  ion  current  (15-500  os). 

The  oscillator  clxcuit  cf  tte  high-voltage  sguaxe  pulses  of  the 
stress/voltage,  which  was  being  utilized  for  the  interruption  of  ion 
beaa,  is  represented  in  iig.  2.  Cscillatcr  eade  it  possible  to  obtain 
the  voltage  pulses  with  the  amplitude  of  1  M,  with  the  duration  of 
flat/plane  apex/vertex  20-500  ns  and  repetitica  frequencies  tc  700 
kHz  with  einisus  porcsitj  20. 


DOC  *  30069209 


Fit* 


The  ainiaua  calculated  duration  of  th«  pulses  cf  ion  current, 
deterained  by  the  velocity  cf  the  displacement  cf  beae  in  the 
apestuxa  Flane  and  by  the  value  cf  the  front  cf  the  build-up/grovth 
of  the  deflecting  voltage  tact  acre  than  S  ns)  for  the  data  cf  the 
paraaeters  of  beaa  and  gucactxy  cf  the  system  cf  interruption  was 
10-12  ns.  The  total  pater,  thich  was  being  ccnsuaed  by  the  sjstea  cf 
interruption,  was  150  Vt 

The  supplies  of  the  rectifiers  of  pulse  icnic  source  it  was 
accoaplished/realized  frca  ttc  insulated  free  each  ether  of 
converters  of  the  type  Cifr-  la  (22 Cl,  500  Hz,  7*C  Vi). 

Transportation  of  ion  beaa. 

For  conducting  the  physical  caperiaents  it  was  necessary  to 
change  energy  of  accelerated  ions  h*  fros  1.7  tc  3.3  NeV. 

The  solution  of  this  pxeblea  aet  the  scxics/row  of  difficulties, 
since  the  crossover  of  icn  beaa  should  have  been  fixe d/recorded  at 
the  level  of  the  diaphtega  of  the  systea  of  interruption,  and  energy 
cf  the  eaerging  froa  tie  source  ict  beaa  could  net  be  changed  over 
vide  liaits  to  avoid  tbe  decrease  cf  ion  current. 


w 
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The  hf  ion  source  aade  it  feasible  to  obtain  icn  current  of 
■ore  than  1  iA  with  the  flew  cate  cf  hydrogen  cf  approximately  3.5 
cn’/h-  The  high- frequency  discharge  in  the  quartz  discharge  chaaber 
was  excited  by  oscillatcx  (100  fthz)  with  a  peuer  of  280  V. 

Therefore  the  agrceient  cf  the  optical  properties  cf  ionic 
source  and  accelerating  tube  was  conducted  a  change  in  the  distance 
cf  NP*  [2]  froe  the  diaptraga  cf  the  systen  cf  interruption  to  the 
first  working  electrcde  cf  the  accelerating  tube,  within  snail  liaits 
the  agreement  could  tc  conducted  bj  a  change  in  the  energy  of  the 
entering  the  accelerating  tube  icn  bean  with  the  aid  of  a  change  in 
the  electrode  potential  before  the  entrance  irtc  the  accelerating 


tube 


OCC  =  30069209 


FACE 


Fig.  1.  Ion-optical  systaa  of  accelerator  EC-1  with  tba  pulsed 
operation.  1  -  ionic  aoorce  and  systen  of  f  creation;  2  -  systea  of 
interruption  and  correction  of  tba  positions  cf  teas;  3  -  dyccde;  4 
accelerating  tube;  5  -  doublet  of  electrostatic  guadrupole  lenses; 
10 ,  13  -  current-collecting  devices;  7,  9  -  slotted  instroeents;  3 
■agnetic  analyzer;  11  -  doublet  eegnetic  guadrupole  lenses;  12  - 
target. 
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As  a  result  of  the  tact  that  the  accelerating  tube  gave 
considerable  linear  aagniticatico  in  the  sizea/diaensions  of  ion  beaa 
open  the  entrance  into  the  aagnctic  analyzer,  after  the  accelerating 
tufce  was  set  the  doublet  cf  the  electrostatic  guadrupole  lenses,  with 
the  aid  of  which  was  pxcvidaa  the  satisfactory  passage  of  the  fraae 
through  the  aagnetic  analyzer. 


The  calculation  of  systaa  the  doublet  cf  guadrupole  lens- 
eagnetic  analyzer  [3,  4]  was  carried  out  in  such  a  way  that  the 
crossover  of  ion  beaa  iccld  he  arranged/ located  after  the  aagnetic 
analyzer.  Guadrupole  lens  was  designed  sc  that  its  location  between 
the  vacuun  aggregate/ucit  and  the  accelerating  tube  would  not  reduce 
the  speed  of  evacuation  cf  the  latter. 


Visual  acnitoring  cf  ion  teas  was  accoaplished/realized  with  the 
aid  of  the  quartz  target!,  arzaege d/located  cn  the  distances  of  1400 
is  before  aagnetic  analyzer  ana  1CG0  an  -  after  it. 


The  sizes/diaensiers  of  the  ctserved  after  analyzer  beaa  did  not 
exceed  5x15  an. 


For  the  beaa  shaping  in  the  physical  target,  which  was  being 
located  at  a  distance  ct  approximately  3  a  fzca  the  aagnetic 
analyzer,  was  used  the  ccutlet  cf  aagnetic  guadrupole  lenses. 
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Conclusion/output  of  icn  beaa  tc  the  target. 

The  observation  ot  the  ncnanalyzed  ion  teas  was 
accoaplished/realized  cs  the  guaxtz  target  before  the  magnetic 
analyzer.  The  control  ct  aede  ox  the  operation  cf  icnic  scarce  and 
systen  of  the  interrupticn  ox  ceaa  was  supervised  of  fora  and  value 
cf  the  iapulses/aoaenta/pulses  cf  ion  current  cn  the  quartz  target 
with  the  aid  of  oscillograph  Cl-6.  On  the  oscillcsccpe  face  Mere 
observed  the  iapulses/acsenta/p ulaes  with  the  ratio  of  aaplitudes 
20:3:3,  which  correspcnaed  tc  ions  h*  h*.  h*. 

The  evaluation  of  tbe  effectiveness  of  the  agreeaent  of  the 
optical  properties  of  icnic  scarce  and  accelexating  tube  was 
conducted  according  to  the  ctsexved  sizes/di aensions  of  ion  beaa  and 
in  the  value  of  the  iapclses/acaeata/pulses  cf  proton  current. 

After  conducting  cf  the  aeaaureaents  of  the  paraaeters  cf  ion 
team  on  the  quartz  target  before  the  aagretic  analyzer  ion  beaa  was 
foraed/shaped  with  electrostatic  gnadrupcle  lenses  first  on  the 
aaxiaua  average/aean  ics  current  cn  the  target,  arranged/located  in 
•agnetic  analyzer  13  (lig.  1},  and  then  cn  tbe  aaxiaua  average/aean 
ion  current  h|  on  the  cuacta  target  after  analyzer.  Then  proton  beaa 


i 
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was  focusad  by  aagnetic  laas  to  the  physical  target. 

Obtained  results. 

The  amplitude  of  pulses  cx  pxcton  current,  which  was  being 
■easured  on  the  physical  target  directly  with  the  aid  of  oscillograph 
Cl- 11  and  by  the  aethcd  cf  value  aeasureaent  cf  the  pcrcsity  cf 
iapulses/soeenta/pulses  and  avexage/aean  prctcn  current,  had  a  value 
to  1  aA. 

The  aeasureaents  cf  the  duration  of  the  pulses  cf  proton  current 
conducted  with  the  aid  cf  the  tiae-of- flight  aethcd  cn  Irina  of  the 
peak  of  r-cays  fron  reaction  U7(p.r)  Be*,  showed  that  the  ziniaua  pulse 
duration  was  15  ns  with  the  asplitude  of  pulses  709-800  pA  and  pulse 
repetition  rates  to  700  khz.  Bailees  duration  of  the  pulses  cf  proton 
current  -  500  ns. 

Pig.  3  depicts  typical  tzac/tespocary  neutren  spectrua  froa 
reaction  u7(p,n)Be7  (thickness  of  target  -10C  kev,  the  excess  cf 
energy  of  the  protons  abexe  the  threshold  of  reaction  -16  kef). 

The  relative  content  of  iers  h*  froa  the  icnic  source  coaposed 
sore  than  80o/c  service  lire  cf  hi  ionic  source  of  approxiaately  1000 


hours. 
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The  translation/ccnversicn  ct  accelerator  EG- 1  into  the  pulsed 
■ode  aade  it  possible  tc  begin  frea  the  end/lead  of  1969  the 
conducting  of  physical  cxpcriaects  with  the  cse  cf  the  tiae-cf-f light 
■ethod.  ire  at  the  present  tiae  carried  cut  the  preliainary 
■easureeents  of  value  aEu2**  an  the  region  cectrcn  energy  20-100  keV. 

In  conclusion  the  authors  express  appreciation  to  lu.  Ya. 
Stavisskiy,  on  the  initiative  and  kith  permanent  support  of  whoa  was 
carried  out  this  work*  end  to  entire  operational  personnel  of 
accelerator  EG-1,  who  tcca  active  part  in  adjustaent  of  accelerator 
for  the  pulsed  operation. 
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Fig.  2.  Oscillator  circuit  o t  tic  bigh-vcltage  square  pulses  of 
stress/voltage. 


Key:  (1).  kv.  (2).  Pulse  rect.  (3).  v.  (4).  cut.  sikh.  (5).  Hz. 
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Fig.  3.  Tine/teeporary  reutccn  spectral  free  reectica 
?alue  of  channel  4.6  ns. 


Key:  (1).  Neutron  energy,  kef.  (2).  Huiber  of 
iepulses/ioaenta/pulses.  (3).  luster  cf  chancel. 
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33.  Electronic  injector  kith  the  circular  gun.  t 

G.  A.  Babin.  A.  K.  Dezhnev.  V.  S.  Kuznetsov.  K.  s.  Bybas.  B.  F. 
f idel*skaya. 

(Scientific  research  institute  c t  the  electrcphysical  eguipeent  ie. 

C.  v.  Efresov) .  , 

The  purpose  of  this  work  is  the  investigation  of  the  electronic 
injector,  intended  fer  the  intrccucticn/input  cf  circular  electron 
taaa  into  the  ion  bean,  thich  passes  along  tbc  axis  cf  injector. 

Circular  bean  has  a  serles/row  of  advantages  before  the 
continuous:  1)  the  pervcance  of  circular  beai  by  an  order  exceeds  the 
perveance  of  continuous  cylindrical  bean  [1.  2];  2)  the 
introduction/input  of  circular  electron  bean  into  the  ionic  tc  sore 
easily  carry  out.  than  lctrcaocticc/input  of  continuous  cylindrical 
beae. 


In  connection  with  this  was  investigated  the  electronic  injector 
in  which  are  included  tbc  circular  gun.  which  exits  circular  electron 
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fceao  on  a  radius  to  its  aus/axl«#  and  spherical  capacitor/condenser 
SK ,  simultaneously  fcctsing  and  turning  alectron  bean  at  an  angle  of 
of  90°.  The  general  view  cf  electronic  injectcr  is  given  in  Fig.  1. 

The  circular  electxcn  oeaa,  which  aoves  between  the  electrodes 
SR#  has  two  radii  of  curvature:  £  -  radius  cf  curvature  over  arc  of 
which  aoves  the  electxcn  oeaa  (aean  radius  SK) ,  (B0-Bsin3)  -  the  aean 
radius  of  tubular  bundle.  In  the  iatter/last  relationship/ratio  3  - 
the  angle  cf  rotation  cf  bean,  calculated  off  the  beginning  cf  SK 
(froa  the  side  of  the  ancde).  Bith  3=0  the  aean  radius  of  tubular 
bundle  is  equal  to  R0. 

Calculation  was  conducted  for  the  thin-walled  electron  bean, 
i.e.,  for  the  case  when  B0-R»At,  where  tr  -  thickness  of  beaa. 

Current  per  the  unit  of  length  in  the  circuaf erence  of  ring  it  is 
equal  to 

^ _ I 

2tt(R0-Rst,nt>)  ’  (l) 

where  I  -  the  full  current  cf  bean. 

The  equation  of  action  of  the  electrons  cf  thin-walled  circular 


beae  in  SK  can  be  with  a  sufficient  approxiaaticn/approach  written 
analogously  with  the  ecuatica  cf  stri p/tape  bcaa  in  the  field  of 
cylindrical  capacitor  lith  radii  cx  electrodes  cf  Bt  and  by 
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assuaing  that  the  current  strength  by  the  unit  of  the  length  of  ring 
in  this  bean  grows/rises  in  (retortion  to  the  rotation  of  fraae  in 
accordance  with  expression  { 1)  . 

Then  the  equations  c£  eotion  of  boundary  beaa  electrons  can  be 
written  as  follows: 


J°-~ frcpC* ->») ~  density  of  charge;  rx  and  r,  -  radii  of  the 

trajectories  of  boundary  dees  electrons;  VCD~  -  the  average  speed  of 
electrons;  uCi(  -  stress/ voltage  between  the  electrodes  3K;  uh  - 
stress/voltage,  applied  between  cathode  and  anode  of  circular  gun;  C, 

i _ 

2-'ofi'»uvCos'k^  *  constants,  which  depend  on  initial  radii  of  beae  r01, 
vq j  and  angle  of  divergence  of  teaa  at  the  entrance  SK  2 a ^ 

In  the  conputer  were  carried  cut  nueerical  calculations  in  the 
following  paraaeters  of  injector:  S o=20  in,  8**15  aa,  Ha-13  aa,  UCM 
*5007  U„  a  17507,  1*250;  500;  750  aA. 


Pig.  2a,  gives  the  thickness  cf  circular  bean  as  function  of 
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angle  of  rotation  6  fox  three  values  of  the  teas  current,  parallel  at 
the  entrance  in  SK,  and  for  the  strength  of  current  with  which  it  is 
possible  to  disregard  the  action  of  space  charge.  Free  Fig.  2a  it  is 
evident  that  with  the  increase  of  currents  frea  the  value  with  which 
the  action  of  space  charge  can  be  disregarded/neglected,  to  the 
currents  with  the  large  charge  the  focus  at  first  is  displaced  froe 
9=67  to  9=90°,  and  with  further  increase  in  the  currents  it  decreases 


to  300 


1.  Generaof  electronic  injector  with  the  circular  gun.  1 
circular  cattk  the  eeitting  coating  fret  beride  of 
lanthanua;  2  -i«  electrode;  1  -  anede;  4  -  internal  electrode 
cf  spherical  cor  (SK) ;  5  -  external  electrode  of  SK;  6  - 
■agnetic  screed  -  flange;  9  -  ceratic  insulator. 

Page  116. 

Pig.  2b^€tbe  dependence  cf  th9  thickness  of  beaa  At  on  the 
angle  of  roeion  i  different  angles  of  divergence  of  at  the 
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entrance  in  SR.  In  these  ail  cases  during  the  rotation  in  SR  at  an 
angle  of  of  d*90°  is  obtained  parallel  tubular  teas. 

Results  of  experiaents. 

The  investigation  of  erectzonic  injectcr  was  conducted  in  vacuua 
chasber  at  a  pressure  ct  residual  gas  net  acre  5* 10**  torus.  In  the 
chaaber/canera  there  was  a  aovarls  dual  collectcr/receptacle.  which 
could  be  noved  along  and  across  the  beaa  without  the  deterioration  in 
vacuua.  Collector/rece ptecie  consisted  of  the  basic 

collector/receptacle  in  center  cf  which  was  the  opaning/aperture  the 
disaster  of  0.5  aa  and  scppleeentary  collectcrs/receptacles, 
fastened/strengthened  with  the  aid  of  the  insulators  behind  the  basic 
collector/receptacle  opposite  the  epening/aperture.  By  basic 
collector /receptacle  was  aeasured  the  full  current  of  fraae  ainus  the 
insignificant  part  of  the  current,  which  passed  threugh  the 
epening/apertuce  in  it.  lira  the  aid  of  the  suppleaentary 
collector/receptacle  was  aade  the  aeasureaent  of  density  distribution 
of  current  according  tc  the  teas  section. 

In  Pig.  3  is  shown  the  electrical  circuit  of  supply  and 
aeasureaent  of  the  currents  cf  electronic  injectcr. 

The  given  in  Pig.  i  diagrai  dees  not  perait  directly  aeasuring 
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the  beaa  currents,  which  hall  tc  the  internal  and  external  electrodes 
SK,  due  to  the  secondary-electronic  emission  free  the  internal 
electrode. 


Por  deteraining  the  currents  on  the  electrode  sk  by  the  aeasured 
currents  Ia  and  I3  it  is  pcssinie  to  utilize  the  following 
expressions: 


T  -  I? 

(  a\ 

♦  0-1 

I  -r-  -g 

> 

.  f 

(s) 

*  ri  O-t 

I  “  T-—  ^ 

_  r 

(8) 

*  0-1 

M  t 

where  I4  -  bean  current  to  the  internal  electrode  sk;  ls  -  bean 
current  to  the  external  electrode  SK. 


When  the  electron  bean  cf  circular  gun  entire  goes  to  the 
internal  electrode,  i.e.,  l3=0,  wnich  occurs  when  Ucl4-o,  froa 


expressions  (5)  and  (6)  let  us  lino 

_Ll 

I. 


a  - 


(7) 


Value,  obtained  fcca  (7),  close  to  value  «  for  the  aaterial  of 
electrodes  SK  (tantalus). 


Pig.  4  gives  beaa  current  l„  cn  the  basis  collector/receptacle, 
and  also  beaa  currents  tc  the  internal  and  external  electcodes  of  the 
spherical  capacitor  X4  ard  19  in  the  functicn  of  stress/voltage  u^. 
Baxiaua  current  flow  of  electron  beaa  composes  80o/c. 
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Pig.  5  gives  the  curves  or  density  distribution  of  current 
according  to  the  beaa  section,  acasured  at  a  distance  of  30,  60  and 
90  an  froa  the  output  Irca  the  spherical  capacitor.  As  can  be  seen 
frcn  Pig.  S,  at  a  distance  of  iO  as  the  beaa  has  veil  expressed 
circular  fora  with  the  thicxn ess  cr  ring  on  tbe  half  the  height  of 
the  aaplitude  of  currert,  aguai  to  3  an.  in  proportion  to 
ceaoval/distance  froa  the  rn^ectcr  in  the  beaa  cccurs  the 
re distribution  of  current  and  beaa  is  converted  into  the  continuous 
cylindrical,  aoreover  the  fuli/rctal/ couplets  diaaeter  of  beaa 
increases  insignificantly,  which  is  probable,  it  is  caused  by  the 
presence  of  ion  focusing. 
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Pig-  2.  Trajectory  of  tne  boundary  particles  cf  electron  beaa  in  the 
spherical  capacitor,  a)  teas  upcn  the  entrance  in  SK  parallel 

3  -  In  “  500  mb;  4  -  In  “TSO  msj 

(ajjj-o),  1  -  beaa  current  In  *0;  i  -  *n*250  iA;Ab)  beaa  with  the 

different  angles  of  divergence  <*6*  upon  the  entrance  in  SK  in  the 
teaa  current  1„  *500  ml,  1  -  *j*ft*“  °*  2  -  c9a5®“°*038;  3  -  -  o.ose 
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Fey:  (1)  .  iA. 


fig.  4.  Emission  correct  I„,  reacted  froa  cathode,  bees  current  In, 
been  current  to  internal  electrode  SK  I«,  beef  current  to  external 
electrode  SK  I,  in  function  or  atress/woltage  uc*  with  u„  -iooo  v  in 
constant  duty  with  Bq^IO  aa,  Bt*1S.5  nn;  Ra»12.5  na. 
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Thus,  calculated  acthod  sac  bed  that  the  circular  beaa  with  the 
zero  angle  of  divergence  at  the  entrance  into  the  spherical  capacitor 
has  a  focus  during  the  rctaticn  tc  the  argle  3,  which  changes  over  a 
wide  range  froa  30  to  9C°  depending  on  the  pezveance  of  beaa. 

The  results  of  experiments  showed  that  in  the  circular  bean 
during  the  reaoval/distazce  fret  the  injector  in  the  absence  of 
aagnetic  field  occurs  the  considerable  redistributicn  of  current,  as 
a  result  of  which  the  beaa  xs  converted  in  the  continuous  without  a 
considerable  increase  in  the  aaxiaus/cverall  disaster  of  beaa. 

Similar  type  elect xcnic  injector  can  be  used  in  cyclic 
accelerators  [3],  and  tez  certain  treataent/pzccessing  -  in  direct 
voltage  accelerators  where  the  basxc  advantage  of  this  injectcr  lies 
in  the  fact  that  the  cathode  is  shielded  frea  the  icn  bcabardaent  of 
high  energies. 

In  conclusion  the  authors  consider  it  their  pleasant  duty  to 
express  appreciation  V.  £.  Luxicykh  for  the  great  assistance  in 
conducting  the  experiaents. 
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Fig.  5.  Curves  of  density  distribution  of  current  according  to  the 
bean  section  in  the  cocstanc  duty  uith  uH -iooo  »,  «0-M  MM|  R, -15,5  MM 

Uc„  -«0  »,  ln”60  MM,  «l2^  MM 

1  -  at  a  distance  of  30  is  fzoa  the  output  of  their  spherical 
capacitor;  2  -  at  a  distance  of  60  na;  3  -  at  a  distance  of  90  aa. 
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34.  Sou  special  feature*/ peculiarities  cf  the  work  cf  cold  cathode 
with  high  pressures  of  residual  gas. 

G.  V.  Dolbilov,  V.  p.  Sarantsev,  A.  P.  Suabayev. 

(Joint  Institute  for  nuclear  Seseaxch) . 

aecently,  in  connection  vita  the  prcbleas  of  the  controlled 
theraonuclear  fusions  and  new  aetncds  of  accelerationsr  is  aaplified 
interest  in  a  question  of  obtaining  intense  electron  beans.  The 
possible  aethods  cf  solution  oi  this  task  is  the  use/application  of 
so-called  field  eaissicc  diodes  [1]  and  systeas  of  straight/direct 
discharge  or  linear  plaaaa  betatrcc  [2-4]. 

In  the  present  work  is  investigated  the  behavior  of  point 
cathode  with  the  high  pressures  of  residual  gas.  The  scheaatic  of 
experiaental  installation  is  depicted  in  Pig.  1.  square-wave 
generator  1  in  the  operating  aodes  being  investigated  had  the  low 
internal  iepedance,  deterained  by  register  Bi$4  oha.  The  duration  of 
the  pulse  of  stress/ volt  age  was  regulated  by  delay  factor  of 
controlling  discharger/gap  P*  of  pulse,  voltage  on  cathode  2  was 
checked  the  aeans  of  the  active  divider  Bt-B3;  current  in  the  systea 
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was  aeasured  by  Bogowski  loop  1  and  by  coaxial  shunt  <?„.  Pressure  in 
cathode  chaaber/caaera  4  and  glass  discharge  tubes  S  tilth  diaaeter  of 
12  aa  and  with  a  length  cf  1C  ca  was  regulated  by  flow  regulator  6. 
Borking  gas  -  heliua.  la  cathode  served  the  tungsten  wire  with  a 
diaaeter  of  0.5  aa.  Any  praliainary  working  of  cathode  it  was  not 
conduct ad.  On  other  end/lead  of  discharge  tube  is  arranged/lccated 
collector/receptacle  7 ,  in  which  there  was  a  narrow  channel  with  a 
diaaeter  of  3  aa  and  with  a  length  of  10  aa.  The  energy  spectrua  of 
the  electrons,  which  passed  through  this  channel  into  high-vacuua 
chaaber/caaera  8.  was  investigated  by  electrostatic  analyzer  9. 
Furtheraore,  were  aade  the  calorimetric  seas  ore  tents  cf  the  energy, 
isolated  in  collector/receptacle  7. 

Pig.  2  gives  oscillcgraphs  of  the  voltage  on  the  cathode  and  the 
current  fron  the  faradey  cylinder  10.  The  latter  corresponds  to  the 
saxiaua  of  the  function  cf  energy  distribution  (see  Pig.  3). 

Page  118. 

The  oscillograas  fig.  2  are  obtained  at  a  pressure  in  the 
chaaber/caaera  -5*10~9  tcrus  ana  durations  cf  the  pulse  of  voltage 
400  ns.  It  is  evident  that  the  current  of  eoergetic/energy  electrons 
appears  after  200  ns  after  the  inclusion/connectlon  of  voltage.  Delay 
in  the  appearance  of  a  current  depends  on  pressure  in  the  cathode 
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chaaber/caaera  and  decreases  Kith  the  increase  to  10~*  tores  is 
inversely  proportional  tc  pressure.  The  aaplitude  of  the  current, 
taken  froa  collector/receptacle  7,  increases  vith  an  increase  in  the 
duration  of  the  pulse  cf  voltage  and  the  pressure  increase  in  the 
chaaber/caaera,  and  it  as  enanged  under  our  conditions  froa  10  to  10* 
A.  The  caloriaetric  aeasoreaents  of  the  energy,  isolated  on  the 
collector/receptacle,  sieved  chat  the  basic  share  of  current  vas 
caused  by  energetic/energy  electxcns. 

The  function  of  the  distribution  of  the  electrons,  which 
penetrate  into  chaaber/caaera  8,  according  tc  the  energies  is  given 
cn  Pig.  3;  voltage  on  the  cathode  &0  kV. 

Fig.  la  depicts  another  version  of  discharge  chaaber.  Cathode  2, 
short  glass  tube  vith  5  and  hcilcv  cylindrical  anode  11  vith  the 
section/cut  of  lengthwise  generatrix  for  observation  of  beaa  are 
placed  into  the  voluae  with  the  adjustable  pressure,  the  photographs 
cf  beaa  are  given  in  Fig.  4,  a- d.  The  beaa,  directed  along  the  axis 
cf  systea,  drifted  within  the  anede  up  tc  the  distances  to  30  ca. 

(see  Fig.  4a)  and  it  vas  upset  to  Faraday's  cylinder  12  (Fig.  YaCh) . 
Eeaa  deflected  froa  the  axis/axle,  vas  net  apset  to  the  anode,  but  it 
continued  to  drift,  being  reflected  froa  the  internal  vails  cf  the 
anode  (Fig.  4b),  or  it  was  upset  to  Faraday  cylinder  (Fig.  4c).  hs 
working  gas  served  heliui.  photographs  correspond  tc  pressure  in 
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chamber/camera  -10"*  ten.  Ihe  gas-focused  beam  in  the  transverse 
magnetic  field  behaved  analogously  with  election  be a*  in  the  vacuus, 
fig.  5  gives  the  photccrapn  of  teas  in  the  field  of  the  permanent 
magnet,  arranged/located  outside  the  chamber/camera.  Energy  of 
electrons,  evaluated  alcng  the  trajectory  of  bundle,  comprises  to  the 
aaxiaua  of  the  function  c£  energy  distribution  (see  Pig.  3) . 

with  the  divergence  of  beaa  by  external  aagnetic  field  on  the 
axis  of  system  for  magnet  there  is  noted  the  flew  of  the  accelerated 
ions,  were  recorded  heliua  rens  with  the  energy,  by  an  order  which 
exceeds  energy  of  electrons.  Xne  aaplitude  cf  ion  current  reached  by 
Fore  10*  a. 

In  conclusion  it  aust  be  acted  that  the  behavior  of  the  electron 
beam,  obtained  froa  the  point  cathode  at  the  elevated  pressures  of 
residual  gas,  in  aany  respects  is  similar  to  the  behavior  of  electron 
beams  in  the  plasaa,  investigated  in  works  [1-5]. 
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Fig .  2.  oscillograas  of  voltage  on  cathode  (a)  and  currant  fron  the 
faraday  cylinder  <b) ,  Sweep  length  200  ns  tc  the  division. 
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chaaber/caaer a,  according  to  energies.  Voltage  cn  the  cathode 
kV. 

Key:  (1).  kev. 
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Fig.  5.  Photograph  of  t«aa  is  tie  transverse  aagnetic  field. 
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35.  Cathode-ray  source  cf  p divalent  ions. 

v.  A.  Al'pert,  Ye.  0.  Ycrobyev,  Ye.  0.  Donets,  V.  I.  IlyushchenJco. 

(Joint  Institute  for  Nuclear  fle search,  laboratory  nuclear  reaction) . 

Intro duct ion. 

The  urgent  at  present  pzoblee  of  the  acceleration  of  superheavy 
Ions  (to  uraniua  inclusively)  can  be  solved  by  the  developaent  of  the 
source  of  high (ly) -charge  ions.  Ibcs,  for  instance,  for  the  large 
cyclotron  of  the  labcratcry  of  the  nuclear  reactions  of  the  J.X. N. H. 
are  reguired  uraniua  icts  vith  charge  ♦38- *40,  and  after  its 
reconstruction  into  the  accelerator  in  diaaeter  of  poles  4  a  the 
reguired  charge  of  lens  sill  ce  levered  to  *24.  it  is  custoaary  to 
assuae  that  the  available  plasaa  scurces  of  large  ions  cannot  ensure 
the  ion  beaas  of  such  higa  charges.  Therefore  in  aany  laboratories  is 
conducted  work  on  the  developaent  of  the  nev  types  of  the  sources  of 
high  (ly) -charge  ions  [1-6]. 


Page  120 
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Here  are  sat  forth  the  tiuc  principles  cf  the  so-called  cathcde-ray 
source  of  polyvalent  lens*  being  developed  in  the  laboratory  cf  the 
nuclear  reactions  of  tte  J.l.a.fl.  Are  exasined  the 
constructions/designs  cl  experimental  installations  and  the  results 
cf  the  investigations,  carried  cut  with  their  aid  £7-11]. 

Method  of  ionization. 


In  the  process  of  consecutive  ionization  can  be  achieved/reached 
the  necessary  charge  cf  ions  2,  if  is  provided  corresponding  to  this 
charge  value  of  the  prceuct  of  tie  density  cf  the  flow  of  the 
ionizing  electrons  j  tc  the  pariod  of  interaction  r.  It  is  obvious 


that 


i*' 


t*0 


y 


where  -  ionizaticn  cross  section  of  the  positive  ion  of 

\ 

charge.  For  the  approziaate  confutation  of  the  necessary  values  it  is 
possible  to  use,  for  exasple,  cy  relationship/ratio  for  o  ' 
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gr.  .  «.  _  C  p  Ea 

p-r  » 

*  i.— i+i  i.— i-4-t 

whore  Ee  -  energy  o £  electrons;  I  i.— i,*,  “  ionization  energy  cf  the 

ion  of  charge  i;  C  -  ccnctant. 

Fig.  1  shows  dependence  cf  i  cn  values  jr  with  Ee  -e  the  keV  for 
uraniua  ions.  Pros  the  figure  fellows  that  Z*38  corresponds  ir*lO*° 
ca  *,  i.e.,  in  the  use  even  cf  such  high  current  densities  of 
electron  bean  as  100  A/ca*#  the  tise  of  interaction  oust  reach  tenths 
cf  a  second. 

The  such  long  tines  of  interaction  it  is  possible  to  provide, 
utilizing  an  effect  of  the  natural  sagging  cf  electric  potential  in 
the  continuous  electron  teas,  caused  by  its  negative  space  charge. 
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The  negative  space  charge  or  electron  baas  quite  widely  la  used 
for  an  increase  in  the  icmzaticn  probability;  beginning  fros  the 
early  works  of  Pluslee  £13],  and  ax  present  in  the  works  of  Bedhead 
[14-17],  However,  for  obtaining  of  intense  beans  of  highly  charged 
ions  it  is  hardly  expedient  to  apply  steady-state  operating 
conditions,  during  which  occurs  the  continuous  adnission  of  the  atcas 
of  work  substance  into  the  election  beaa  and  the  continuous 
extraction  of  ions  under  conditions  for  virtually  full/total/coeplete 
space-charge  neutralization  of  electrons  by  the  space  charge  of  ions. 

To  this  target  sore  corresponds  the  following  nethod  of 
operation  [7],  in  the  space  ci  ultzahigh  vacuus  is  created  the 
extended  electron  beaa  with  an  initial  current  density  of  jQ,  it  the 
aoaent  of  time  t0  for  the  shext  tiae  interval  it  into  the  beaa  is 
introduced  deterained  the  tiae  interval  it  into  the  beaa  it  is 
introduced  the  specific  cuaher  of  positive  univalent  ions  of  work 
substance.  The  distribution  cf  electric  potentials  along  the 
axis/axle  of  bundle  is  such,  that  its  terainal  sections  are  plugs  for 
the  positively  charged/leaded  particles.  Further  at  the  aoaent  of 
tiae  tl#  which  can  follow  directly  t„»ht,  the  current  density  of 
electron  beaa  increases  to  jt.  In  this  case  the  aaplitudes  of  the 
radial  oscillations  of  those  seized  into  the  space  cf  electronic  ion 
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tea*  dacrtase.  For  the  tine  fro  a  tx  to  t2  occurs  the  ionization  of 
the  atoas  of  work  substance  to  the  necessary  charge  Z. 

In  this  case*  naturally*  positive  space  charge  increases*  which 
leads  to  an  increase  is  tne  amplitude  of  the  radial  oscillations  of 
ions.  A  quantity  of  atoas  or  work  substance  acd  a  aultiplicity  of 
ionization  Z  are  selected  ny  such  that  the  amplitudes  of  oscillations 
at  aoaent/torque  t2  would  net  exceed  initial  amplitudes  at 
aoaent/toeque  t0.  At  the  acaent  of  tine  tz  potential  of  one  of  the 
terainal  sections  of  beat  is  aadc  constantly  (cr  periodically)  by 
negative  with  respect  to  the  potential  of  entire  teaa.  in  this  case 
the  ions  leave  trap  in  the  axial  direction  and  they  can  be  used  for 
the  analysis  or  the  acceleration.  Process  is  repeated  repeatedly. 

Fig.  2a  shows  the  capture  of  iocs  into  the  electron  beaa*  Fig.  2,  b-g 
*  net  hod  of  the  intrcducticn/input  of  atoas  into  the  beaa  of  the 
building  up  density  and  ccnclusion/output  of  ions  to  the  analysis  and 
in  Fig.  2d  scheaatically  depicts  installation  for  the  realization  of 
the  processes  of  those  aenticned  acove. 

Experimental  installations  III- 1  and  IEL-2  and  results  of 
■easureaents. 


For  testing  the  aethod  of  icaization  exaained  was  prepared  the 
experiaental  installation  1E1-1  (ionizer  of  catbcde-ray)  [8-11]. 
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Slectron  gun  with  aicxc-per veance  0.95  in  arranged/located 
within  the  shielded  solenoid  with  the  aaziaui  aagnetic  intensity  of 

i 

approximately  4  kOe.  Cathode  frc*  hexabccide  ct  lanthanua  rests  on 

i 

the  tantalus  disk  in  disaster  cf  o$ening/aperture  2.5  as.  For  j 

3 

guaranteeing  the  necessary  emission  is  used  the  electronic  preheating  j 
cf  cathode.  At  a  distarce  of  2.5  aa  froa  the  cathode  is  located  anode  ' 

■j 

diaphragm  in  diameter  of  opening  3  aa.  Further  it  is  arranged/located 

1 

drifting  the  tube,  which  is  of  five  isolated/insulated  sections  in 

i 

length  20.  20,  60,  20  arc  20  aa  respectively.  In  the  wall  of 

] 

next-to-last  section  is  an  chlccg  hole  of  rectangular  fora,  along  j 

which  is  arranged/located  the  spiral  of  the  vaporizer/evapcrator  of  j 
work  substance.  j 


as 


■M.  aa^jeeSi 
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Fig.  1.  Dependence  of  tie  multiplicity  of  icsization  Z  on  the  value 
cf  the  product  of  the  density  ci  electron  beaa  j  (electron/cm  2  «s)  to 
the  period  of  interaction  r  (s;  . 

Page  121. 

The  latter/last  section  of  the  drift  tute  rests  on  the  aagnetic 
of  bands,  directly  after  which  is  established/installed  the 
electronic  collector/rcceptacle  cf  cylindrical  fera.  Is  coaxially 
with  the  electronic  coll ector/receptacle  arranged/lccated  ionic 
co Hector /receptacle  ox  accelerating  electrcde  cf  aass  spectrometer 
cn  the  tiae  of  flight. 

The  electrons,  emitted  by  cathode  and  accelerated  with  anode 
potential,  by  intense  aagnetic  field  are  foracd/sbaped  into  the  beaa 
which  after  the  passage  cf  drift  tube  and  output  fres  the  aagnetic 
field  is  recorded  by  electronic  ccllector/receptacle. 
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The  ions,  which  appear  in  th«  region  of  electron  beaa.  can  be 
held  there.  either  be  derived/ccncluded  in  the  axial  direction  in  the 
ionic  collactor/receptacle  cx  for  the  analysis  cf  the  tiae  of  flight. 
For  this  are  utilized  the  corresponding  potential  distribution  in  the 
sections  of  drift  tube,  lhe  diagxaa  of  electrical  supply  provides  the 
constant  component  of  electronic  current  threugh  iel  and 
powerful/ thick  current  pulses  witii  the  vcltage  to  6  tv  with  the 
duration  to  100  as. 

For  guaranteeing  the  closing  of  ions  in  the  region  of  electron 
bean  in  the  latter/last  section  c£  drift  tube  are  supplied  pulses  of 
the  positive  polarity  vbese  paraaeters  they  can  vary  in  the  necessary 
Units. 

Source  works  under  conditions  of  ultrahigh  vacuua. 

The  experinents,  carried  cut  on  the  installation  I2L-1,  showed 
that  the  aethod  of  ionization  as  realized.  Prca  the  residual  gas  are 
obtained  the  ions  to  inclusively,  and  furtheraore  during  the 

addition  into  the  elect rcnic  atone  bean  of  geld  are  obtained  ions  to 
Au*'9. 
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After  this  was  prepared  second  experimental  installation  (IEL-2) 
cf  considerably  larger  length  (1  ■)  with  the  iaproved  introduction 
systee  of  work  substance  intc  the  electron  beaa  (see  Pig.  2)  and  the 
considerably  larger  density  cf  electronic  current. 

The  first  experiments.  carried  out  an  this  setting  up.  showed 
that  in  the  electron  beaa  can  be  accumulated  the  ionic  charge  to  10 11 
elementary  charges  and  it  is  brought  out  without  the  losses  along  the 
bean. 


The  calculations,  based  on  the  obtained  experiaental  results, 
show  that  on  the  settieg  up  Ili-2  upon  transfer  to  the  pulsed 
operation  with  the  porosity,  close  to  the  unit,  they  can  be  obtained, 
for  example,  ion  currents  Au*19,  (/“mo  pA.  The  delivery/procureeent  of 
ions  into  the  space  between  the  dees  cf  cyclotron  can  be  realized 
along  the  electron  beae. 

One  should  indicate  another  possibility  of  using  the  ionizer  of 
the  type  IBL.  naeely.  fex  ottaminc  the  large  pulse  currents  cf  the 
polarized  particles,  fex  exaaple.  for  the  s jachxocyclotron. 
Calculation  shows  that  Is  the  electron  beam  fer  the  tine  between  the 
cycles  of  capture  it  can  oe  accumulated  to  10 12  polarized  protons, 
the  tine  of  their  conclneicn/cutput  fron  the  beae  can  not  exceed  50 
us.  This.  thus,  is  equivalent  tc  the  source  of  the  polarized  protons, 
which  works  in  the  continuous  duty  with  intensity  -2-3  of  sA. 
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Pig.  2.  Diagraaaatic  re peasant at ic a  of  the  basic  eleaents  cf 
installation  IBL  (d) ,  tt«  capture  cf  iers  intc  the  electron  bean  (a)# 
aethod  of  the  input  cf  tie  atcas  of  work  substance  into  the  electron 
teaa  and  the  cutput  cf  iens  to  analysis  (b-e) . 
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Page  122. 

36.  sources  of  polyvalent  ions  with  tha  cathode  sputtering  of  work 
substance. 

Yu.  P.  rrat*yiiOTf  a.  S.  Pasyuk,  L.  P.  Kul'kina,  v.  I.  Kuznetsov. 

(Joint  tnstituta  for  Rucla&r  da search,  laboratory  of  nuclear 
reactions) . 

The  development  of  the  source  of  aultlcharged  ions  with  the 
cathode  sputtering  of  work  substance  had  as  a  goal  to  enlarge  the 
assortsent  of  tha  ions,  obtained  froa  the  arched  ion  source  with 
heating  cathode  [1.2]. 

Tha  gas- discharge  source  of  aultlcharged  ions  (a.  z.  i.)  with 
the  hot-cathoia,  in  which  is  used  arched  discharge  with  the 
oscillation  of  aiactrons,  during  tha  the  rainbow  discharge  with  the 
oscillation  of  alectrons,  into  course  the  nueber  of  years  is  used  on 
cyclotrons  of  the  laboratory  of  the  nuclear  reactions  of  the  J.I.I.B. 
This  source  is  aost  affective  of  tea  known  sources  a.  z.  i. 
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However,  its  use  is  Halted  to  the  eleaents,  which  bars  the  gaseous 
connactions/coapounds  (or  coaaection/coapound  with  the  high  vapor 
pressure  in  Qoraal  condtions. 

Poe  obtaiaiag  the  polyvalent  ions  froa  the  solid 
connactions/compounds  we  developed  source  a.  z.  i.  with  the  supply  of 
working  substance  by  cathode  sputtering  [3]. 

Construction/dasign  of  source. 

Tha  construction/dasign  of  source  and  its  work  are  clear  froa 
Pig.  1.  source  works  in  the  aagaetic  field  Cyclotron.  Cathode  7, 
prehaatad  by  electronic  flux  with  thread  6,  emits  the  electrons  which 
oscillate  between  the  cathode  and  cooled  anticathode  17,  which  are 
located  by  potential  of  cathode.  Slectronic  flux  ionizes  the  gas, 
which  enters  discharge  chaaber  16  (it  is  tha  anode)  through  channel  5 
on  tuba  with  9  of  the  stainless  steel,  as  a  result  of  which  appears 
arched  discharge.  Electrode  13  of  the  pulverized  work  substance, 
fixed  on  cooled  copper  holder  12,  is  located  under  the  negative 
potantial.  Under  the  action  of  the  boebardeent  with  the  accelerated 
ions  of  plasaa  the  electrode  atoaizes.  Knock-on  particles  fall  into 
the  discharge  aad  are  ionized.  Tha  nourisheent  of  cathode, 
anticathode  and  thread  of  source  was  achieved  on  the  usual  diagran  of 
the  nourisheent  of  source  a.  z.  i.  [4].  The  pulverized  electrode  was 
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connected  to  ainus  of  tiie  separate  adjustable  rectifier  through  the 
ballast  resistance  which  in  the  sue  with  the  internal  iapedance  of 
ractifier  was  -90  ohas.  baxiaua  stress/voltage  of  rectifier  3  kT, 
current  -  2a.  The  positive  pole  of  rectifier  was  grounded  through  the 
non-inductive  iapedance  by  the  value  of  10  ohes  fron  which  was 
removed  the  oscillograph  is  the  current  pulse  of  electrode. 

This  construction/desiga  of  source  has  the  following  advantages: 
Into  the  discharge  can  be  given  tne  refractory  substances  with  any 
aelting  point  and  the  evaporations,  which  do  not  have  gaseous 
connections/coapounds. 
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The  dispersion  of  working  substance  of  the  ions  of  plasms  occurs  only 
during  work  iapulse/noaeatua/pulse  of  source:  in  the  pauses  between 
the  iapulses/uoaenta/pulses  the  electrodes  are  not  pulverized.  The 
result  of  this  is  a  decrease  in  the  flow  rate  of  substance  with  the 
larger  porosity  of  iapulses/aoaeata/pulses  and  the 
retention/praser vation/aaiataiaiag  dielectric  strength  of 
accelerating  gap. 

The  autonomous  nouriahaeat  of  the  pulverized  electrode  froa  the 
adjustable  rectifier  aaaes  it  possible  to  carry  out  the  precise 
independent  dosage  of  entering  into  the  discharge  of  the  atoas  of 
work  substance. 

The  arrange sent /position  of  the  pulverized  electrode  in  the 
region  of  the  aaissive  slot  of  sourca  and  the  continuous  feed  of 
auxiliary  gas  lead  to  the  localization  of  work  substance  (in  the  fora 
of  neutral  particles  and  ions)  in  the  place  of  the  extraction  of 
ions.  Gas  ions  predoainaatly  are  located  out  of  the  region  of  the 
location  of  electrode.  Therefore  obtained  froa  the  source  the  ion 
current  of  work  substance  exceeds  the  ion  current  of  auxiliary  gas 
and  coaposes  60-90o/o  of  the  total  current  (see  the  Table). 

For  the  purpose  of  a  dacrease  in  flow  rate  of  substance  with  the 
work  on  calciun  and  zinc  is  developed  the  source  with  the  hot 
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discharge  chamber,  heat ad  by  working  discharge  [5].  In  this  sour c a 
discharge  chamber  16  and  its  froat/laading  wall  2  are  prepared  fron 
the  stainless  steal*  insert/bushing  3  with  esissiva  target  4  is 
prepared  froa  the  aolybdenua.  Chaaber/caaera  is  heat- insulated  froe 
the  cooled  stocks/rods  with  the  aid  of  titaniua  washers  8.  The 
teaperature  of  chaaber/caaera  is  aonitored  by  chroael-aluael 
thermocouple,  placed  into  tne  nest  of  15  chaabers/caaeras.  The  holder 
of  atoaized  electrode  is  stopped  ap  on  insulators  11  between  the  rear 
wall  of  discharge  chaafaer  and  claap  14  of  stainless  steel.  The 
position  of  the  pulverized  face  of  electrode  relative  to  the  post  of 
discharge  is  regulated  by  screws/propellers.  The  parts  of  the  setting 
up  of  electrode  with  enclosed  casing  10  for  averting  the  losses  of 
substance. Soly bdanus  plates  1  will  sew  chaaber/caaera  and  stocks/rods 
froa  the  fusion  by  the  current  of  the  secondary  electrons  which  are 
knocked  out  froe  aus puller  by  ion  bean. 

Source  is  tested  on  the  stand  of  ionic  sources  [2*  6]  and  on  the 
cyclotron  0  >300  of  the  laboratory  of  nuclear  reactions,  with  the 
work  on  stand  the  ions  by  eztraction  voltage  15-22  k?  through 
eaissiva  target  by  the  size/diaension  1x15  aa.  The  separation  of 
ions  according  to  the  charge  to  ness  ratio  was  achieved  in  the 
unifora  aagnetic  field  oy  an  in tensity /strength  4  kOe  with  the 
rotation  of  beaa  on  180°.  In  the  sane  field  worked  the  source. 
Eaissiva  target  of  source  on  the  cyclotron  had  a  size/diaension 
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2.5x12.5  of  aa. 

Basalts  of  experinents. 

During  the  tests  of  source  the  stress/voltage  on  pulverized 
electrode  was  supplied  after  astabiishaent  of  the  aode/conditions  of 
arched  discharge  on  the  gas  (agro-n,  or  xenon)  and  operating 
taupe ratura  of  discharge  chaaber.  Type  of  gas  was  selected  so  that 
the  relation  charging  to  aass  (  zv/A)  of  its  ions  would  not  coincide 
in  possibility  2,,/a  of  setecial  ions  of  electrode,  i.e.,  it  did  aot 
interfere  to  aeasura  aagnitude  of  cnrrents  of  these  ions. 

The  voltage-current  characteristics  of  gap/intarval  the 
pulverized  alectrole-anode  during  tha  constant  noda/conditions  of  arc 
are  given  in  Fig.  2. 

Presence  in  tha  discharge  of  tha  aaterial  of  alectrode  could  be 
saen  with  raspact  to  a  change  in  taa  color  of  the  discharge. 

Electrode  during  the  woch  it  was  pulverized  in  essence  on  the  face, 
in  direction  of  the  discharge. 
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84,9  31,8 
59,1  20,0 


20,8  31,7 
89,6 


,4  0,06 

,25  0,04 


0,18  0,035 

0,25*  0,04 
1.9 

0,76  0,2 
2.0  0,4 

8,4  3,0 

3,3  0,7 


9  1(1/  Ma  I  %  06-  |rao 

mero^jj  {‘f 


140  77 

105  10C 

66  6C 

95  60 

150  7C 

0,024  168  93 

100  90 

54  65 

0,12  61  65 


380  9,5 
470  9,8 


520 

2,0 

980 

1.9 

540 

1 .8 

930 

3.4 

400 

2,3 

560 

1.6 

940 

1 ,8 

970 

1.5 

980 

1.4 

Vote.  Hare  Ma  -  voltage  of  the  arc  of  the  discharge  in  the 
ia pulsa/aoaaa ton /pulse ;  h  -  discharge  current  in  the 
iapulss /nose ntua /paisa ;  uM-  voltage  on  the  pulverized  electrode 

daring  the  iepalse/ionentas/pulse;  iyt  -  current  to  the  pulverised 
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electrode  la  the  iapulse/aoaentua/pulse. 

Currant  is  shown  approxiaatel y,  precision  deteraination 

*  7*f  9  + 

prevented  the  iapositioa  ox  peaks  Tt  and  N  . 

Kay:  (1).  Sort  substance.  (2).  Ion  current  of  work  substance  on 
charges  in  iapul.se/aoaentua/pulss,  aA.  (3)  .  Sua  of  ion  currents  of 
work  substance.  (4).  Auxiliary  gas.  (5).  tio  da/conditions  of  source 
(in  iapulse/Bosentua/pulse) .  (6).  syabol.  (7).  aA.  (8).  of  total 
currant. 

Page  124. 

By  the  intansity  of  the  spectral  lines  of  the  radiation/eslssion 
of  atoas  and  ions  of  the  atoaized  substance  is  deterainad  a  relative 
change  of  tha  concentration  of  work  substance  in  discharge  with 
potential  change  on  the  electrode.  Spectra  were  obtained  with  the  aid 
of  tha  guartz  spectrograph  ISP- 28.  la  those  experiaents/ex parlances 
the  flow  of  auxiliary  gas,  voltage  and  arc  current  reaained  constant. 
Onder  such  conditions  the  intensity  of  line  will  ba  proportional  to 
the  concentration  of  corresponding  particles  [7].  The  relative 
intansity  of  the  spectral  lines  of  calciun,  copper  and  zinc  alaost 
linearly  grows/rises  with  an  increase  in  the  voltage  on  the 
pulverized  electrode.  Sere  obtained  also  the  spectrograas,  which  give 
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idea  about  the  distribution  of  atoms  and  ions  of  calciua  according  to 
the  height  of  the  plasea  column  in  the  source.  The  results  of  the 
microphotometric  wor Icing/treatment  of  spectral  lines 
Cal  58S7.46&  .  CaQ  3706,03#.  and  Cal  3772,68#  are  carried  out  in  Pig.  3,  from 
which  it  is  evident  that  the  location  of  neutral  atoms  and  ions  of 
calcium  limited  by  the  height  ny  the  location  of  the  pulverised 
electrode.  In  the  source  with  the  hot  discharge  chamber  the  width  of 
the  distribution  curve  of  the  intensity  of  calcium  lines  according  to 
the  height  somewhat  more  than  m  the  source  with  the  cooled  discharge 
chamber.  But  also  here  the  zone  of  the  propagation  of  calcium  is 
considerably  less  than  the  height  of  the  post  of  discharge. 

It  is  possible  to  assume  that  the  ions  depart  to  the  walls  of 
discharge  chamber  aora  rapid  than  to  the  cathode  and  anticathode 
along  the  magnetic  field.  This  phenomenon  is  connected/bonded, 
probably,  with  the  "anomalous  diffusion"  of  the  plasma  of  the 
positive  column  of  discharge  across  the  magnetic  field,  which  can  be 
caused  by  low-freguency  plasma  oscillations. 

On  the  3tand  were  measured  the  ion  currents  of  different  charge 
nine  strongly  differing  in  the  atomic  weight  and  the  structure  of 
metals  -  from  magnesium  to  the  tungsten.  The  pulverized  electrodes 
were  prepared  from  the  technical  material,  special  measures  for 
purification  it  is  not  accepted. . length  of  work 
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iapulsa/aoaantuB/pulsa  of  source  was  1  as,  pulse  frequency  -  100  Bs. 
Tha  iiagraa  of  the  currants  of  tlia  polyvalent  ions  of  calciua, 
writtan  down  by  writer  2PP-09,  xs  represented  in  Pig.  4.  The  results 
of  the  aeasureaents  of  currents  froa  the  source  with  the  cooled 
discharge  chaabar  ara  given  in  table  (are  shown  sueaed  currents  in 
tae  iapalse/aoaentuB/puise  of  all  isotopes  of  the  elanent  being 
investigated) . 

’'ere  obtained  output  curves  no  *;v,e  no ly valent  ions  deoend,,nr'  ^n 
the  parameters  the  discharge  in  the  source,  "’he  denender.ces  of 
the  current  of  nolyvalent  ions  of  cine  from  the  noter.tial  on  the 
nulvericed  electrode  the”  vere  sho’-n  in  T?-'. r.  ?. 
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Fig.  2.  The  iroltag  a-current  characteristics  of  gap/interval  the 
atoeizad  alectroda-anode. 
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Kay:  (1).  Designation.  (2).  Material  of  electrode.  (3).  Current  of 
arc,  A.  (4).  voltage  of  arc,  V. 
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Fig.  3.  change  in  the  relative  spectral  line  strength  of  atone  and 
ions  of  calciua  along  the  gas* discharge  chaaber/caaera.  1  - 
dispersion  of  calcine  in  tha  cooled  chaaber/caaera,  supply  of 
auxiliary  gas  (xenon)  into  the  region  of  cathode;  2  *  dispersion  of 
calciua  in  tha  cooled  chaaber/caaera,  3iaultaneous  supply  of  xenon 
into  the  region  of  the  cathode  and  anticathode;  3  -  dispersion  of 
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calci.ua  in  the  hot  chaaber/caaera.  Dotted  line  showed  the  boundaries 
of  the  pulverized  electrode. 

Key:  (1).  rel.  un.  (2).  Cathode,  (3).  Anticathode. 

Page  125. 

Arc  current  and  voltage  on  it  renamed  constant.  A  change  in  atoa 
concentration  of  the  atoaized  substance  so  affects  output  a.  z.  i.  as 
a  change  in  the  feed  rate  of  gas  into  the  discharge  chaaber. 

The  dependences  of  output  a.  z.  i.  on  current  and  voltage  of  arc 
at  the  constant  values  of  other  paraaaters  did  not  differ  in  the 
nature  of  curves  froa  the  sane  dependences,  aeasured  with  the  work  of 
source  on  gases  [2]. 

On  the  cyclotron  0-300  were  accelerated  seven-  and  eight  - 
charge  ions  of  calciua.  Average/aean  ion  current  Ca£  on  a  radius  of 
130  ca  was  3  pA,  ion  current  Ca££  -o ,4  pA.  Source  with  the 
fixed/recorded  position  of  the  pulverized  electroda  froa  calciua  on 
the  cyclotron  0-300  worked  5-6  hours  without  a  significant  decrease 
in  the  intensity  of  the  ion  bean  of  calciua. 

During  the  work  on  the  stand  of  source  with  the  cooled  discharge 
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cliaibtr  the  electrode  consuaptioa  froa  calciue  was  appcoziaately  100 
ag/h,  froa  zinc  -  15  0*200  ag/h.  Heating  discharge  chaabec  aade  it 
possible  to  shorten  the  consuaptioa  of  drops  and  zinc  by  an  order  in 
coaparison  with  the  source  with  the  cooled  discharge  chaaber. 
Expenditure/ronsuaption  of  calcxua  in  this  source  constituted  11 
ag/h,  zinc  -  17-20  ag/h. 

In  the  bench  tests  the  source  with  the  hot  discharge  chaabec 
worked  for  8  hours  without  electrode  travel,  then  electrode  was 
r enow ed/taken  for  the  weighing.  Electrodes  were  used  repeatedly,  but 
after  each  weighing  holder  approached  a  discharge  chaabec  for  the 
setting  up  of  elactcode  to  optiaally  the  position. 
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Pig.  u.  The  itagraa  of  the  cure ants  of  the  poly Tala nt  ions  of  c&lciua 
ri  -  ion  current  in  the  relative  units/ones;  *  -  distance  between 
the  source  and  collect or /receptacle,  an.  For  the  ions  of  output 
charge  it  is  shown,  in  how  often  la  increased  the  3ensitiTlty  of 
registrar  in  the  coaparison  with  the  ions  of  low  charges. 

Ksy:  (1).  rel.  un. 
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37.  Bzperiaental  Study  of  the  paraneters  of  antoelactronic  gun. 


R.  a.  7oroakov,  7.  A.  Danilichev,  B.  Tu.  Bogdanovich,  7.  P. 
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(Radio-technical  institute  of  the  43  OSSR,  Hose on  physical 
engineering  institute) . 

In  the  works  of  U.  P.  Dike  £1]  and  a.  1.  Tedinson  [2]  w®r®  oot®d 
the  vary  advantageous  conditions  for  the  work  of  autoelectronic 
cathode  in  SYCh  field.  The  studies*  which  were  being  carried  out  by 
v.  F.  Gass  [ 3 ]*  thay  showed  expediency  and  prospect  of  use  of 
autoelectronic  gun  with  SYCh  by  nourishaent  as  the  injector  of  linear 
electron  accelerator.  In  this  work  are  given  the  description  of 
device/aguipaent  and  the  results  of  aeasuring  paraaeters  of  the  bean 
of  the  autoelectronic  gun*  intended  for  the  injection  of  electronic 
clusters  with  phase  width  of  30*40®  and  enargy  300*400  kaY  into 
accelerating  section  with  a  constant  phase  speed,  aqual  speed  of 
light  and  with  the  strength  SVCn  of  field  of  approxiaately  100  kV/ca. 

The  construction/design  of  gun  is  shown  in  Pig.  1.  Resonator  1* 
calculated  for  the  length  oxen  16.5  ca*  is  prepared  froa  copper  of 
brand  SB. *  their  own  of  Q-factor  of  approxiaately  6000.  vith  the  aid 
of  flexible  wall  2  the  resonance  frequency  can  be  reconstructed  in 
Units  of  ♦- 5o/o.  Autocataode  3  is  prepared  froa  the  tungsten  wire  of 
high  claanlinass  and  is  fastened/strangthened  in  the  resonator  so 
that  it  it  is  possible  to  tenper  by  forward  current  to  teaperatura  of 
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10 00-2000°c.  Points  la  cadi a*  of  bonding  6-10  pa  ware  aanufactured 
with  slectrochaaical  etching  in  tha  lOo/o  solution  of  KOlf. 

Foe  decreasing  the  divergence  of  alectron  bean  is  used  the 
focusing  systsa,  focaed  by  coils  4  and  5  and  aagnetic  circuit  6.  On 
the  output  froa  the  anode  opeaing/apecture,  which  has  the  diaaeter  of 
12  as,  tha  baaa  is  intercepted  by  tha  cylinder  of  Faraday  7  with  the 
water  cooling. 

7acuua  evacuation  was  achieved  by  two  electric  discharge  puaps. 
One  of  than  typa  "Hard  10"  is  connected  with  tha  cavity  of  resonator 
by  short  branch  pipe,  and  by  the  second  of  the  type  "Ford  100"  -  with 
tha  input  wavaguida  by  section  120x57  aa.  During  the  first 
expaciaents  the  pressure  in  the  resonator  was  in  Units  (2-5)  •10”* 
torus.  Bafora  beginning  work;  was  produced  tuning  resonator  and 
agraaaent  to  K3W»i.  1. 

Bloch  diagraa  of  device  is  shown  in  Fig.  2.  l  klystron  aaplifler 
of  the  type  15015  worked  with  the  duration  of  pulsa  5.5  ps  and 
repetition  frequencies  of  pulses  7  Hz. 
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Pig.  1.  Pig.  2. 

Pig.  1.  Construction/design  of  gua.  1  *  resonator;  2  -  flexible  wall; 
3  -  cataoie;  5,  4  -  coil;  6  -  aagaetic  circuit;  7  -  Faraday  cylinder. 

Pig.  2.  Block  iiagraa  of  setting  up.  1  -  klystron;  2  -  tie 
directional  coupler;  3  -  gun;  4  -  water  load;  5  -  window. 

Page  127. 

Its  output  power  was  regulated  in  the  Units  of  2-15  88.  iith  aid  of 
directional  coupler  2  loo/o  of  power  it  was  sent  for  gun  3V  and  aajor 
portion  of  the  power  was  absorbed  by  water  load  4,  replacing  the 
entrance  of  the  accelerating  section.  The  planting,  filled  with 
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nitrogen  under  the  pressure  5  ats,  i3  isolated  froa  the  vacuus  of 
klystron  and  gun  by  car a axe  windows  5. 

Pig.  3  snows  the  curve  of  a  change  in  the  intensity/strength  of 
focusing  aagnetic  field  h  along  the  langth  e  of  gun,  takea/reaoved 
by  instcuaent  imi-3  with  the  reaote  cathode  and  tha  faraday  cylinder, 
is  the  reference  point  of  length  xs  accepted  the  rear  wall  of 
re son a tor . 


1 


/v 


Lx 


Pig.  4  gives  family  of  curves,  which  show  the  dependence  of  the 
pulse  value  of  b9ae  currant  3*,  falling  to  the  cylinder  of  Faraday, 
froa  the  currents  in  focusxng  coils  (  3k  -  current  in  the  coil  on  the 
cathode,  3,  -  warrant  in  the  coil  on  the  cylinder  of  Faraday) .  Curves 
are  takan  with  SHF  power,  introduced  into  the  gun,  P^-I.OS  Bf.  The 
aeasurad  value  of  average/nean  current  was  recounted  into  the  pulse 
value  through  the  porosity,  equal  to  29500.  Upper  knee  of  curve, 
apparently,  is  explained  by  the  fact  that  practically  all  electrons, 
eaitted  by  cathode,  begin  to  penetrate  a  node- with  the 
opeuiug/a pet tare  of  gun  to  the -Far ad ay  cylinder. . 

Fig,  5  shows  the  dependences  of  tha  pulse  beta  current  3a  end 
eadlie  energy  of  electrons  t  on  input  SBF  of  power  P.  The  aediua 
energy  of  electrons  was  deterained  by  ths  sethod  of  dividing  the 
averiga/aaan  power,  by  defined  beaa  on  the  Faraday  cylinder,  to  the 
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average/aean  beaa  current.  The  average/aean  power  of  beta  was 
aaasurad  by  raloriaetric  asthod  with  the  calibration  according  to  the 
raplaceaent  scheae. 

For  obtaining  the  preliainary  idea  about  the  stability  of  the 
paraaeters  of  gan  in  tiae  and  about  possible  life  of  autocat bode  -  was 
carried  out  the  girder/drive  or  gun  during  the  workday  (about  7 
hours) .  During  tha  girder/drive  approxiaately  one  in  the  hour  It  was 
produced  aeasureaents  3 3  and  £  ,  waosw  data  were  given  in  Pig.  6.  In 
thesa  aeasureaents  the  average/aean  power  of  beaa  was  deterainad 
caloriaetrically  with  the  running  water  without  tha  calibration  on 
the  diagraa  of  replaceaent  that,  possibly,  led  to  soaewhat  high 
values  £  in  comparison  wxth  cue  data  of  Pig.  5.  Taking  into  account 
the  low  accuracy  of  aeasureaents,  it  is  possible  to  consider  it  3? 
and  £  during  the  girder/drive  practically  unchanged. 

All  aeasureaents  were  carried  out  with  one  autocathode,  which 
studied  on  the  whole  sore  than  20  hours,  ftaxiaua  value  3a,  which  was 
being  controlled  the  tiae  of  testing,  was  equal  to  1.3  and 
(average/aean  current  -  46  pA).  Hath  the  inspection  of  cathode  under 
the  aicroscope  after  the  developaent  of  the  gun  of  noticeable  changes 
in  its  geoaetry  it  is  not  discovered.  During  the  repeated  setting  up 
of  cathode  into  the  gun  its  paraaeters  reaained  practically  constant. 
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Pig.  3.  Pxg.  4. 

Pig.  3.  Change  in  3trangtn  of  focusing  i agnetic  fiald  M  along  tha 
langth  t  of  gun. 

Pig.  4.  Depen  dan ca  of  baas  currant  on  currant  in  focusing  coil  on 

Faraday  cylinder  at  diffarant  waluas  of  currant  a„  in  coil  on 

Cathoda  1  -  3k  2  -  3k  *  10  a;  3  -  3y  -20  «;  4  - 
3y  -25  .i 


Pig.  5.  Pig.  6. 


Pig.  5.  Oapandanca  of  baa a  currant  and  aadiua  anargy  of  alactrons 
f  on  input  SHP  poser  P 

C&.W W. 

Pig.  6.  Change  in  baaa  currant  33  and  aadiua  anargy  during 
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girdar/drive. 
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38.  Poraation  of  powerf ul/thick  ion  beans  by  brush-type  electrodes. 


0.  la.  Savenko. 


(Institute  of  uuclaar  physics  of  SO  AN  USSR  [  co  \h  cccp)  -  Siberian 
Dapartaant  of  tha  Acadaay  of  Sciences  of  the  USSR]). 

Tha  ion  currant,  foraed/shapad  froa  the  plasaa  with  the  systaa 
of  usual  alectrodas,  is  liaitad  usually  to  tha  space  charge  of  beaa. 
Por  decreasing  the  influence  of  the  affact  of  spaca  charge  by  us  was 
used  electrodes  in  the  fore  of  two  -fine,  noesb  <jpMS  [1-3].  The  first 
grid  was  found  undar  tha  positive  potential  of  plasaa,  tha  second 
grid  wa3  grounded.  Distance  between  cells  was  auch  sore  than  tha 
size/diaension  of  cell  and  auch  less  than  the  diaaater  of  grid 
fabrics/bads.  Therefore  this  systaa  foras/shapes  alaost  parallel  ion 
flaw.  The  second  grid,  as  a  rule,  was  connected  with  the  netal  tuba. 
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ia  which,  because  of  the  overlap/allowance  of  aza,  were  created  the 
conditions  for  alaost  f uli/total/coaplate  space-charge  neutralization 
of  beaa.  Therafore  the  effect  of  space  charge  occurred  only  in  the 
snail  volume  of  intergrid  gap/ interval.  In  the  optiaua 
node/coaditions  of  beaa  shaping  the  plasna  did  not  penetrate  the 
iatargrid  gap/intarval :  plasna  "was  resolved"  by  electric  field  near 
the  first  grid  at  the  depth  of  the  order  of  the  sizes/diaensions  of 
cell  (Pig.  1)  .  The  terainal  radius  of  the  curvatura  of  boundary  of 
plasaa,  the  hataroganeity  of  electric  field  near  the  cells  of  the 
first  grid  cause  divergence  of  beaa.  Por  the  evaluation  of  this 
effect  were  used  the  brush-type  electrodes  in  the  fora  of  parallel 
nickal  wires  in  diaaeter  0.05  aa  and  step/pitch  0.25  an.  The  diaaeter 
of  the  fabric/bed  of  grids  was  changed  fron  8  to  37  an,  the  distance 
between  the  grids  was  about  h  ae.  *2a  assence  were  investigated  the 
proton  baaes  in  which  of  this  effect  was  detected  according  to  the 
distribution  of  intensity  in  beaa  h°  and  H*.  Pig.  2  gives  the 
distribution  of  intensity  in  the  ion  baa  a  H“*  in  the  direction 
langthwisa  (unbroken  curve)  and  across  (dashed  curve)  to  the 
direction  of  filaaants  first  grid.  Detector  is  arranged/located  at  a 
distance  about  the  aeter  fron  the  place  of  beae  shaping,  the  initial 
diaaatar  of  beaa  -  8  an.  is  it  follows  fron  this  figure,  the 
divergence,  caused  by  the  field  of  the  first  grid,  is  conaensurated 
with  the  isotropic  part  of  the  divergence  and  is  approxiaately  0.015 
radians.  The  anisotropic  part  of  the  divergence  weakly  depends  both 
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on  the  current  in  the  baaa  and  on  interelectrode  voltage,  but 
stroagly  it  dapeads  on  intergrid  distance.  The  isotropic  pact  of  the 
divergence  of  bsaa  (caused,  apparently,  by  the  theraal  energy 
dissipation  of  protons,  seise ted/ta ken  out  of  the  plasaa)  in  the 
optiaua  aode/conditions  does  not  depend  on  the  conditions  for  bees 
shaping. 

The  selected  by  us  aetaod  of  space-charge  neutralization  with 
use  of  a  gas  target  gives,  apparently,  alaost  f ull/total/coaplete 
space- charge  neutralization  of  bean  in  the  space  after  the  second 
grid.  This  assertion  illustrates  Pig.  3,  in  which  is  shown  the 
dependence  of  proton  bean  currant  on  the  selection  of  protons  fron 
the  plasaa  at  different  pressures  of  hydrogen  in  the  tube.  Proa  the 
figure  one  can  see  that  at  pressures  of  above  4.10~*  an  Kg  up  to 
proton  currants  1  and  rename  the  linear  dependence  of  the  strength 
of  ion  current  fron  the  selection  of  ine  fron  the  plasaa  (unbroken 
curve) .  The  dianeter  of  bean  is  egual  to  37  an.  Calculations  give, 
tnat  the  degree  of  the  uadercoapeasation  of  this  bean  was  not  aore 
than  9.1o/o.  However,  if  we  decrease  the  gas  pressure  in  the  tube  to 
10*~3  an  Hg,  then  proton  current  sharply  decreases,  the  linear 
dependence  of  current  in  the  be as  on  the  value  of  the  selection  of 
protons  froe  the  plasna  will  disappear  (dashed  curve  in  Pig.  3). 
Rough  estiaate  according  to  these  effects  gives  the  value  of 
undercoapensation  ~0.5o/o. 
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Pig.  2.  Distribution  of  intensities  ff“  across  beau.  1  -  along  the 
direction  of  the  threads  of  the  first  grid;  2  -  across  the  direction 
of  the  threads  of  the  first  grid. 


Pig.  3.  Dependence  of  proton  currant  in  bean  on  selection  of  protons 
from  plasaa.  1  -  gas  pressure  in  tae  tube  1.  10“*  an  Hg;  2  -  gas 
pressure  in  the  tube  4. 10"J  as  Bg;  3  -  gas  pressure  in  the  tube 
1 .  10"*  en  Hg. 
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Apparently,  for  the  different  gases  tha  aechanisa  of  coapensation.  is 
aaegual.  This  it  indicates,  for  exaapla,  the  diffacent  nature  of 
currant  to  the  tube  depending  on  the  hind  of  the  ions:  for  the  proton 
beaa  the  current  to  the  tube  is  positive  and  roughly  equal  to  a 
difference  in  the  proton  input  current  and  at  the  output  of  tube,  and 
in  transit  through  the  tube  of  ion  beaa  Recurrent  to  the  tube  is 
negative  and  only  by  order  of  value  it  coincides  with  a  difference  in 
the  input  and  output  ion  current  S'* '3]  . 

Main  disadvantage  in  the  brusn-type  electrodes  is  their  low 
Mechanical  strength  with  respect  to  the  breakdown  of  intergrid 
gap/interval.  Therefore  brush-type  electrodes  require  the  thorough 
aging/training  of  the  second  grid.  Aging/training  was  conducted  as 
follows,  sith  the  voltage  in  intergrid  gap/interval  200-400?  the 
systaa  works  until  the  percentage  of  breakdowns  decreases  to  40-50. 
After  this  voltage  it  rises  to  3-5  k?.  if  through  several  ten 
iapulses/aoaanta/pulses  (duration  of  pulse  200  pss,  repetition 
frequencies  0.2  s*‘)  breakdowns  across  gap  disappear,  it  is  possible 
to  consider  that  the  process  of  aging/training  is  finished.  Usually 
aging/training  new  grid  lasts  2-4  hours.  In  the  process  of 
aging/tcaining  the  second  grid  is  covered/coated  with  dark  fils  and 
the  coefficient  of  second  eaission  froa  it  falls  2-3  tines  (uianS-S 
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kV)  .  Therefore  it  is  possible  to  assuae  that  the  process  of 
aging /training  consists  in  the  sharp  decrease  of  second  electron 
eaission,  which  is  the  reason  for  the  breakdown  of  intergrid 
gap/intarval.  Possibly,  the  decrease  of  second  eeission  is 
connected/bonded  both  with  the  change  in  the  nature  of  the  eeitting 
surface  and  with  developaent  of  local  electric  fields  on  the  threads 
of  the  second  grid,  which  tapede  supply  to  it  of  fast  ions. 

iith  the  formation  of  ton  beans  were  used  extensively  gas 
targets  [3].  Therefore  was  additionally  investigated 
delay/retarding/decalaration  ionized  by  gas  in  the  tubs.  Pig.  4  shows 
one  of  the  dependences  of  the  speed  loss  of  particles  on  the 
logaritha  of  the  ratio  of  the  intensities  of  flow  of  particles  at  the 
entrance  and  the  output  fros  the  tube.  Last  value  is  proportional  to 
the  gas  pressure.  Proa  these  results  it  is  evident  that  at  optisea 
pressures  of  gas  (3-6.  10'*  as  Hg)  the  energy  loss  of  particles  is  not 
■ora  than  several  ones  electronvolt. 

The  typical  dependences  of  proton  current  in  the  bean,  foraed 
with  grids  in  diaseter  of  fabric/bed  37  an,  on  the  value  of  intergrid 
voltage  are  shown  on  Pig.  5.  Three  different  curves  answer  the 
different  values  of  the  selection  of  protons  froe  the  plasaa  -  0.4, 
0.6  and  1A.  The  notion  of  graphs  is  qualitatively  explained  as 
follows.  Pron  the  point  1  plasaa  froa  the  plasaa  source  reaches  to 
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the  second  grid  and  therefor#  seas  is  aot  foreed/shaped;  la  the 
interval  1-2  boundaries  of  plasaa  with  an  increase  in  the  voltage  are 
novel  froa  the  second  grid  to  the  first  -  the  defocusing  influence  of 
the  second  grid  and  plasaa  sounder y  decreases,  and  current 
gcows/rises.  it  point  2  plasaa  reach  the  first  grid;  further  weak 
growth  of  current  in  the  oeaa  is  c  on  a  acted /bond  ed  ,  apparently,  with 
the  decrease  of  influence  on  the  divergence  of  bene  of  its  space 
charge.  Nazism*  currents,  obtained  by  us  with  use  of  brush-type 
electroles,  which  follow:  current  a*- 1.2  but,  currant  He*-0.S  but, 
current  M+-150  a  a,  current  AV-  70  a  A. 
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Pig.  «.  Dependence  of  spMda  of  ioas  at  output  froa  tuba  on  degree  of 
ttiair  scattaring  on  gas  tar  gats  (  o0  -  part  ids  flux  at  antranca  into 
tube:  o  -  at  output  f roa  tuba) .  1  -  ion  flow  nt,  which  pass  turn 

hydrogen  gas  targat;  2  -  ion  flow  a*,  passing  through  tha  argon  gas 
targat;  3  -  flow  of  ions  passing  through  tha  argon  gas  targat. 

Kay:  (1).  ka/s. 

Fig.  5.  Dependence  of  proton  currents  in  bean  on  intargrid  voltage.  1 
-  the  selection  of  protons  £roa  the  plasaa  -  1A;  2  -  selection  of 
protons  froa  tha  plasaa  -  0.6a;  3  -  selection  of  protons  froa  plasaa 
•  0.4a. 


HEPEB BUCKS 


DOC  »  80069210 


PAG*  3V4> 


1.  3.  I.  Diaov,  ru.  G.  Kononenko.  0.  Ya.  Savchenko,  7.  g.  shaaovskiy. 
ZhTF,  1968,  38.  997. 

2.  G.  I.  Diaov,  0.  Ya.  Savchen&o.  ZhTF,  1968,  39.  2002. 

3.  0.  Ya.  Savchenko.  ZhTF,  1970,  90,  305. 

Page  130. 

39.  Still?  of  the  work  of  plasaa  cathodes  in  the  aode/conditions  of 
the  selection  of  large  electronic  currents. 

y 

G.  P.  Bazhen,  S.  P.  Bugaev,  f.  Ya.  Zagulov,  g.  a.  ffesyats,  0.  1. 
Proskucovski y,  7.  G.  Shpak. 

(Institute  of  optics  of  the  ataosphere  SO  AX  0SSB,  institute  of 
nuclear  physics  with  by  Toask  polytechnic  institute). 

For  creating  the  powerf ul/ thick  electron  accelerators  with  the 
currents  in  beaa  10*- 10*  and  serious  value  has  the  developaent  and 
the  study  of  heavy  current  pulse  cathodes.  Usually  for  these  purposes 
are  adapted  bolt  [1],  aulti-needla-shaped  [2]  and  plasaa  cathodes 
[3].  The  authors  of  works  [1,  2]  consider  their  cathodes  as  field 
eaission.  It  is  possible  to  show  taat  these  cathodes  as  field 
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eaission.  It  is  possible  to  shoe  that  these  cathodes  also  ace  plasaa. 


The  appearance  of  plasnoids  oa  the  sarface  of  eetallic  cathode 
foe  the  first  tiae  have  discovered  we  daring  a  study  of  the  kinetics 
of  vacaua  breakdown  [4].  It  was  shown  that  by  the  reason  for  the 
foreation  of  plasaoids  (cathodic  torches,  KP)  is  the  explosion  of 
aicro-points  on  the  surface  of  catnode  as  a  result  of  resistance 
heating  field  eaission  current  (5].  The  tiae  lag  of  the  explosion  of 
aicro-points  is  very  critically  to  the  strength  of  field  and  in  the 
fields  - 10 4  v/ra  is  -10  *  s.  In  works  [1  ]  the  value  of  the  naxiana 
intensity /strength  of  field  E>10*  V/ca.  One  should  expect  that  KP 
appear  already  on  the  pulse  edge  of  voltage. 

Sisultanaously  witn  the  advent  of  KP  begins  an  increase  in  the 
currant  in  gap/intarval  £4}.  This  current  is  caused  by  the  eaission 
of  alactrons  froe  the  front  extended  KP  [5].  If  the  pulse  duration  of 
voltage  is  less  than  the  tiae  of  closing  gap/interval  by  plasaa,  then 
is  possible  obtaining  the  iapulses/aonenta/pulses  of  electronic 
currant.  Thera  is  reason  to  believe  that  this  circuastance  is  the 
basis  of  obtaining  large  electronic  currents  in  works  [1-3]. 

for  the  understanding  of  the  aechanise  of  the  eaission  of 
electrons  there  is  the  greatest  interest  a  study  of  the  paraaeters  of 
plasea  KP,  of  speed  of  the  expansion  of  torches  and  in  a  study  of  the 


.••ms 
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conductivity  of  vacuua  of  gap  with  KF. 


ivsraga/aaaa  by  the  voiuaa  particle  concentration  ia  tAt 
plasaoid 


fi(t) 


M(t) 


m_  ( v t)3 


(l) 


vhers  h (t)  -  the  aass  o £  tha  entering  tha  torch  aatal;  %  -  aasa  of 
atoa;  v  -  spaed  of  tho  dis per sion/di vargence  of  plasaa. 


The  entering  of  aetai  into  the  torch  was  deterained  by  the 
aethod  of  photographing  point  cathode  in  the  electronic  or  optical 
Microscopes  before  and  after  action  on  tha  vacuua  gap/interval  by  the 
paisas  of  the  voltage  of  the  specific  duration.  Vith  a  radius  of  the 
apax/vartex  of  opening  is  aora  than  10  pa  aass  n  grows  proportional 
to  langth  of  lapulsa/aoaeatua/polse  (Fig.  1)#  which  indicates  the 
continuity  of  the  entering  of  aetai  into  the  cathodic  torch. 

The  speed  of  the  dispar sion/divergence  of  plasea  KP  was 
detecnined  by  the  speed  of  the  expansion  of  tha  boundary  of  glow 
Uk[4]  and  notion  of  the  boundary  of  aaission  l ^].  it  turned  out  that 
•Uca^^.io5  ca/s  for  \A/yCu,lie  and  little  changes  in  the  course  of 

tlae  and  weakly  it  depends  on  the  applied  voltage.  Theoretical 
estiaations/sstiaates/e valuations  show  that  aftar  tins  ~10~*  of  s  tho 
plasaa  KP  becoaes  noncolliding  for  the  inelastic  processes  and 
heating  by  its  through  current  becoaes  unessential. 
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If  oo  the  boundary  plasaa  -  vacuua  is  electric  fiald  B*0,  thto 
aotioa  of  KP  coo  be  presented  as  toe  adiabatic  dispersion/di vergence 
of  gas  sphere  into  the  void.  In  this  case  the  speed  of  the  aotioa  of 
the  Leading  edge  of  plasaa  sill  be  written  down  in  the  fore 

v-  -  ,2' 

whera  TaCp/Cv;^  -  specific  heat  of  subliaation  of  aetal;  degree 

of  superheat  which  in  experiments  in  the  rapid  explosion  of 
conductors  coaposes  2-5  [7  ].  if  t*  5/3,  then  v  ■<  1-2). iob  ce/s  for  the 
investigated  by  us  cathodes. 

Proa  (1)  it  follows  that  for  tha  case,  represented  in  Pig.  1, 
naan  concentration  ft  for  the  tine  froa  5  to  20ns  falls  fros  2. 10* T 
c«"J  to  5.  IQ1  *  ca"*  (with  «*1  an).  The  tenperature  of  electrons  in  KP 
was  datarninod  according  to  tne  ratio  of  the  intensities  of  lines 
with  tha  aid  of  the  ao nochroaator  with  the  photoelectric 
prefix/attachaent  with  the  teaporary/tiae  resolution  ~5.10*~*  s. 
Through  20  ns  aftar  davelopaent  of  KP  its  value  was  4.5  eV  for 
cathode  of  At 

on  our  opinion,  the  output  of  electrons  froa  the  netal  in  KP  was 
caused  by  therao-self  eaission  under  the  action  of  electric  field  on 
tha  boundary  a  aatal-plasaa,  that  appears  as  a  result  of  the 
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separation  of  tha  charges  of  piasaa  (Dabye  field  Ed).  For  that  found 
froa  tha  ezperiaent  of  current  density  lit  ~2.tob  A/ca*  value 
E4“®.2,io7  v/ca  (for  aho).  lazing  into  account  that  ea*ijs.io"5  (nT),/2 
and  jssuaing/tating  T*8.  10*K  (Perai  teaperature  for  aho)  we  obtain 
concantration  on  the  surface  of  cathode  n-10**  ca-3,  which  is 
coaplataly  actual,  since  ns10l*  ca”3. 

Let  us  exaaine  now  tha  current  flow  of  electron  in  gap  in  the 
front  of  piasaa  -  anode. 
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Fig.  1.  Dependence  of  the  a  ass  of  aetal  a,  which  coses  the  cathodic 
torch  froa  the  pulse  duration  for  the  molybdenum  point  (a  -  length  of 
gap/interval)  . 


Key:  (1).  Angle  of  taper.  (2).  ns. 


Page  131. 


If  we  the  area  of  emission  of  torch  prasent  in  the  fora  S(t)-*u2taf 
and  distance  is  the  front  of  plasna  -  anode  in  the  fora  z(t)-<i-trt, 
taen  started  of  the  liaitatioa  of  current  by  the  propagation  of 


charge  we  have 


where  k  -  correction,  which  considers  the  action  of  field  in  the 


case  of  liaitad  aaitting  area  Ui(t)  *  voltage  on  the  gap/intnrval. 
Froa  (3)  it  follows  that  the  perveanca  of  electron  bean  is  the 
function  of  relation  vt/d-vt: 
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The  results  of  an  experimental  study  of  perveance  are  given  in  Pig. 

2.  The  validity  of  Langaoir's  lav  under  these  conditions  is  confiraed 
by  the  fact  that  the  experimental  points  are  arranged/located  in 
general  curve. 

The  given  results  aaxa  it  possible  to  foraulate  the  conditions 
of  obtaining  the  iapulses/aoaenta/ pulses  right-angled  of  electronic 
current.  Proa  (3)  it  follows  mat  the  elope/transconductance  of  the 
build-up/growth  of  current  is  deterained  by  the  rate  of  growth  in  the 
emitting  area.  Since  the  speed  of  dispersion/divergence  of  &P  does 
not  exceed  2.10*  ce/s,  increase  in  the  slope/transconductance  of 
currant  can  be  achie ved/raached  by  the  use/application  of  a  aultitip 
systee  with  the  siaultaneous  explosion  of  points,  or  by  the  use  of 
the  eliding  discharge  on  the  dielectric.  The  possibility  of  obtaining 
large  electronic  currents  froa  the  plasea  of  the  incoeplete  discharge 
with  the  dielectric  in  the  vacuua  for  the  first  tine  have  shown  we  in 
[3].  The  discharge  current  through  the  dielectric  in  the  incoeplete 
stage  grows  with  increase  in  t  of  dielectric.  Therefore  was 
investigated  the  emission  of  elec^.ons  from  the  plasea  of  the 
creeping  discharge  of  titanate  of  barlun  (  e  -  1500)  in  the  systee  of 
electrodes,  given  in  Pig.  3a.  The  velocity  of  propagation  of  glow  on 
U electric  (Pig.  3c)  ccaposes  ir,:rto7c»/*  and  appro ziaately  it 
i*  ties  with  the  3peed  of  the  expansion  of  the  region  of  emission. 

•  of  piasai  into  the  depth  of  gap/interval  occurs  with  speed 
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vl=*2.iot  ca/s.  The  plasaa  near  of  point  develops  as  a  result  of 
destruction  and  ionization  of  vapors  of  dielectric  under  the  actios 
of  the  currant  of  self  eaission  froa  the  point.  The  flow  of  discharge 
current  is  ensured  by  the  charging  of  the  dynaaic 

capacity/capacitance ,  foraed  by  tna  gap/interval  between  the  plasaa, 
which  aores  along  the  dielectric,  and  by  the  layer  of  silver  2  (Pig. 
3d) ,  substituted  to  the  dielectric. 
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Fig.  2.  Dapandancas  p(ut/d-v*),  built  far  ir  - 2.10°  ca/s 
axpariaant;  II  -  calculation  according  to  (3)  for  K*1;  I 
calculation  according  to  (J)  »ita  K  on  [6] 
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ng.  3.  oaelUograa  of  toUag.  of  di3ctaarga  (.1  .  ««•«*  °c 
(b) ,  pboto9C.pl.  of  discoarga  figaraa  (o) .  ..iMioo  ccraat  fro.  tb. 
plasaa  of  dischacg.  <d) ,  aoa.aatio  diagcaa  (a),  .^^dialactcic;  2  - 
•laetcoda;  3  -  .aadla:  a  -  actcacxoc;  *  oba:  ~  oba. 

Kay:  (1)  •  ds»  (2)  a  osc. 
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Sines  current  of  discharge  through  dielectric  and  area  of  discharge 
figure  increase  with  an  increase  in  the  discharge  voltage#  then 
eais3ion  currant  froe  the  piasaa  also  grows.  This  is  distinctly 
evidant  froe  tha  graph/diagraas  of  the  dependence  of  the  perveance  of 
electron  beaa  froe  tha  piasaa  about  paraeetec  (Tig.  h) .  By  a 

change  in  the  discharge  voltage  it  is  possible  to  regulate  the 
perveance  of  tha  alactronic  flux#  selected/taken  froe  the  cathode. 

The  advantages  of  tha  sliding  discaarga  were  realized  in  developed  by 
us  controlled  piasaa  cathode  J.9J, 
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Fig.  9.  The  graph/diagraa  of  the  dependence  of  the  perveance  of 
electronic  flux  froa  the  plasaa  on  paraaetar  v,t/d-v,t  (  u  -  thi 
langth  of  gap/laterval ,  t  -  tiae)  1  -  up  "O.s  kV;  2  -  up  *l  k7; 
Up-i.5  kV. 
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Page  133. 

Session  I?. 

ELECTROMAGNETS  OF  ACCEL  EfiATO 8S  AND  THEIR  POSEB  SOPPLI  SYSTEMS. 
MAGNETIC  MEASUREMENTS. 

40.  Methods  of  calculation  of  aagnets  in  experiaents  in  high-energy 
physics. 

L.  Rezegotti. 

(CERN)  . 

In  expedients  in  higa-energj  physics  ace  utilized  the  eagnets 
cf  several  different  types,  eajcrity  of  thea  relatas  to  two  types: 
the  aagnets,  which  lead  taaa,  aesa gnaticr/purpose  which  lies  in  the 
fact  that  to  guide  and  tc  focus  teaas,  and  the  analyzing  aagnets 
which  serve  for  deteraiamy  the  iapulses/aoaenta/pulses  of  the 
chacg ed/lcaded  particles  frea  the  curvature  cf  their  trajectcries  in 
the  aagnetic  field.  In  the  case  cr  expedients  on  clashing  beaas  the 
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aagnets,  arranged/located  in  the  point  of  intersection  of  beans,  can 
perfora  both  functions.  Cirtexent  tasks  cf  acre  special  character  are 
performed  by  the  aagnets  whj.cn  ccacve  the  charged/leaded  particles 
froa  beaa,  by  aagnets  fez  the  polarized  targets,  by  aagnets,  utilized 
in  the  experiments  with  the  precession  of  spin,  aagnetic  herns,  which 
ensure  tha  concentration  cx  secondary  particles  with  differant 
iapulaes/aoaenta/pulses.  Sc te  cf  tne  aagnets,  utilized  for  the 
transportation  of  bean,  satisfy  the  special  reguireaents,  which 
concern  three-diaensiozal/space  field  pattern  and  tine  behavior  of 
their  work  (aagnets  with  the  3aielding  partition  and  pulsed  aagnets 
in  tha  delay  lines)  . 

Starting  point  during  the  design  of  aagnet  is,  obviously,  the 
account  of  the  special  reguireaents,  connected  with  its 
designation/purpose.  Per  example,  spatial  distribution  of  the  field 
of  magnet  for  bubble  ctaiber  is  three-di aensicnal  or  at  best 
possesses  rotational  syaaetry;  hewever,  the  high  values  of  the 
strength  of  field  and  the  accessibility  cf  space  in  the  aagnet  Is 
aore  iaportant  requirements;  that  the  uniferaity  of  field.  On  the 
contrary,  in  the  case  cf  the  aagnet  of  accelerator  necessary  field 
pattern  in  the  plane,  perpendicular  to  the  axis/axle  of  bundle,  aust 
he  sustained  very  accurately;  however  in  the  sajerity  of  the  cases  of 
the  disturbances/perturbations,  created  by  edge  effects,  are  alaost 
unessential  or  they  can  ha  compensated  taking  into  account  the 
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integrating  properties  cf  launching/starting  high  energy  particles* 
thanks  to  which  the  tas*  is  reducea  to  the  tvc-diirensional. 

Curing  the  deterairatios  cf  the  basic  parameters  of  magnet 
should  be  considered  alec  t n«  cctal  cost/value  cf  system,  which 
involves  besides  the  ccst/value  strictly  of  aagnet  also  the 
cost/value  of  the  supplies  cf  power,  cables*  cooling  system*  and  also 
running  costs  and  mainterance/servicing.  These  considerations  can 
play  the  decisive  role  coring  tne  determination  of  current  density  in 
the  windings  of  aagnet  and  its  overall  sizes/dimensions.  In  the  case 
cf  the  kickers  important  factor  is  also  the  stored  up  magnetic 
energy.  Finally*  it  cat  prove  tc  be  necessary  tc  determine  the  amount 
cf  elastic  strains  and  deforsaticns*  which  appear  in  the  system 
during  the  maximum  acde/conditicrs. 

This  work  is  dedicated  tc  the  methods  of  calculation  of  fields 
when  the  basic  paraaeters  of  sagret  are  already  determined.  Primary 
attention  will  be  turned  to  the  magnets  for  the  transportation  of 
beam,  in  which  a  precise  execution  of  prescribed/assigned  field 
pattern  is  especially  ispcrtant. 

For  such  magnets  tc  deal  ccccerning  the  twc-dimensional  task, 
since*  if  we  are  distracted  from  the  connected  with  the  edge  effects 
limitations*  field  distriouticn  in  all  perpendicular  ones  of  the 
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axis/axle  of  pencil  of  planes  lust  be  identical.  Free  the  equations 
of  Maxwell  for  the  statistical  aagnetic  field  it  follows  that  field 
in  aagnet  gap  it  is  possible  tc  obtain  fro*  the  scalar  potential  V, 
which  satisfies  relaticnsnip/ratic  v*v=0.  For  purposes  of  optics  cf 
electron  beaes  it  is  useful  to  peasant  this  potential  in  the  plane, 
perpendicular  to  the  axis/axle  c t  bundle,  in  the  fora  of  Fourier 
series  in  the  polar  coordinates 

V“ltanPn  (l) 

whence  it  is  possible  tc  directly  obtain  the  following  expressions 
for  the  coaponents  of  the  field: 

8  xT~  K>(9'Wf<o  £,  "a  n  p""’6''"  ("9  *  0„  )  i 

(2) 

a«T- HoC - Hof ,  "a  n  f  «*(»**«„) . 

Unknown  field  distribution  can  be  deterained,  after  assigning 
the  values  of  coefficients  an  and  0n  in  different  terns. 
Coefficient  at  correspcncs  tc  the  field  cf  dipole,  a2  -  to  field  of 
quadrupole,  coefficient  a*  -  tc  field  2n  -  aultipole. 

Page  134. 

The  aost  inportant  pretlea  lies  in  the  fact  that  to  find  the  current 
distribution  (for  the  iren  rtes  aagnet)  cr  currents  and  iron  cores 
(for  the  aagnet  with  iictj,  wcich  create  the  necessary  configuration 
cf  aagnetic  field  in  the  clearance. 
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?or  some  simplest  fiald  patterns  are  known  the  solutions  of 

direct  problem.  For  exaxple,  is  the  absence  of  iron  the  clean  field 

cf  dipole  is  obtained  in  the  cpenisg/aperture,  which  is  the  region  of 

overlapping  two  identical  conductors  of  elliptical  cross  section, 

that  have  the  uniform  ata  eguai  current  censities  of  opposite  sign 

a* 

and  arranged/located,  as  shown  ic  Fig.  1^.  If  two  ellipses  overlap  at 
the  right  angle,  and  clearance  as  formed  purely  guadrupcla  field 
(Fig.  1  b)  £ 

Purely  dipole  field  as  formed  also  in  the  clearance  between  twc 
rectangular  conductors,  conducting  equal  and  opposite  currents, 
limited  by  the  flat/place  paraxial  surfaces  cf  two  iron  poles  with 
the  infinite  magnetic  permeability.  This  field  pattern,  which 
obtained  the  name  of  tf<  field  cr  w-shaped  magnet,  is 
accomplished/raalizad  is  particular  in  the  magnets  with  the  shielding 
partition  which  are  utilized  in  tne  systems  of  ejection  or  for 
splitting  of  beam  (Fig.  2  and  i) .  Another  example  of  purely  dipole 
field  is  the  so-called  dipole  of  Uistaetter  [2],  formed  by  the 
imposition  of  two  identical  w-shaped  magnets  whose  axes/axles  fora 
angle  of  90°  (Fig.  4).  is  this  case  the  value  cf  induction  on  the 
surface  of  poles  is  ocly  B/vi,  and  field  in  the  clearance  can  reach  3T 
without  saturation  of  ires. 
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Purely  quadrupole  field  id  obtained  in  tbe  rectangular  clearance 
between  four  conductors  cx  the  corresponding  sizes/diaensions  with 
the  unifora  current  density,  included  in  rectangular  ircn  boi  with 
the  infinite  nagnetic  permeability  (quadrupcle  of  Panovskiy,  Fig.  5 
[3]). 


other  configurations  of  tne  conductors  and  the  iron  can  be 
obtained  of  that  exaaired  aocve  as  a  result  cf  the  filling  with  iron 
by  the  infinite  aagnetic  permeability  of  entire  space,  external  with 
respect  to  the  closed  ccrtour/cutlme,  perpendicular  to  the  lines  of 
flow.  Qtilizing  this  method  H.  Hcrpurgo  [  h  ]  designed  and  constructed 
a  very  compact  quadrupcle  aagnet,  which  surrounds  the  elliptical 
aperture  (Pig.  6  and  7). 

Although  the  analytical  examination  of  the  anumerated  above 
tasks  is  strict,  the  use  cf  irci  as  the  nediut  with  the  infinite 
aagnetic  permeability  is  apprcximation/apprcach  (by  virtually 
completely  satisfactory  at  the  densities  of  flow,  which  reach  1.5T, 
where  Mpe>  iooow0). 

Another  approximatica/ap preach  which  scietimes  is  utilized  for 
the  semiconductors,  lies  in  toe  fact  that  are  examined  tbe 
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surface/skin  currents,  furiace/skin  current  distribution  in  the 
cylindrical  layer,  whicn  surrcunas  the  circular  cpening/aperture 
which  is  necessary  fcr  the  creation  in  this  clearance  o£  the  field  of 
xultipole  order  2n,  is  described  cy  the  sinuscidal  function  cf  angle 
cf  n«9. 

Calculated  field  distribution  can  be  represented  in  the  fora  of 
step  function,  which  car  be  constructed  froa  the  intervals  with  the 
peraanent  linear  current  density.  Examining  K  of  steps/stages  to  the 
quadrant  of  the  variable/alternating  nd ,  B.  Eeth  [1]  proposed  the 
method  which  nakes  it  possible  tc  remove  all  haraonics  fraction  up  to 
the  haraonic  with  the  turner  4K*1.  In  practice  it  proves  to  fce 
sufficient  to  be  restricted  tc  three  cr  four  steps/stages,  since 
basic  assuaption  about  tie  saall  thickness  cf  the  current-carrying 
layer  proves  to  be  already  surficiently  poor  appcoxiaation/approach. 

3.  Beth’s  method  was  used  tor  designing  the  dipole  and 
quadrupola  superconducting  ceil  eiectroaagnets  in  Brookhaven  national 
laboratory  [5].  Dipole  lagnet  was  the  layer  cf  the  superconducting 
winding  with  a  thickness  of  12. 1  ii  on  the  circular  cylinder  with  a 
diameter  of  50  n  (see  fig.  d)  . 

Tha  actual  thickness  of  windings  is  considered  in  the  formula. 


proposed  for  designing  the  supe rccrductirg  ceil  eiectroaagnets  in  the 


AD-A0S9  303 

UNCLASSIFIED 


FOREIGN  TECHNOLOGY  DIV  HRI6HT-PATTERS0N  aFB  OH  F/G  20/7 

TRANSACTIONS  OF  THE  ALL-UNION  CONFERENCE  (2ND)  ON  CHARGEO  PARTI— ETC(U> 
JUL  SO  A  L  MINTS»  A  A  KOMAR,  A  A  VASIL’YEV 

FTD-ID(RS) T-0692-80  NL 


L 


HHCROCOf’V  HI  SOU/ 1  ION  II  SI  ('MARI 

NAlll'NAl  lUmiAll  Ol  stANI'AKP:,  l’>b<  A 


DOC 


30069211 


UGfi  Sk $ 


work  of  Esner,  Deutsch  and  Iselxa  i 6  ]  (Fig.  9).  They  utilized 
expansion  in  the  series/xow  cx  vekcor  potential  A  of  the 
tvo-diaensional  field,  created  at  point  P(p,  infinitesiaal  current 
eleaent  with  density  j,  arrange  d/located  at  pcint  0  (”*,<#)  and 

perpendicular  to  the  place  cf  the  cross  section  in  guestion: 

/ 1  daA  H*»i  i  u  . 

vT  a Cosk(g-(0)-Cna).  (3) 

Integral  over  entire  cress  secticn  of  winding  can  be  written  in  the 
polar  coordinates, whick  facilitates  the  selection  of  gecaetry  and 
current  densities  with  wfcicn  the  ccefficients  fer  any  nuaber  of 
tar  as.  which  correspond  to  different  haraonics  to  zero^his  set  hod 
was  equal  used  during  the  design  cf  the  superconducting  quadrupole 
aagnet  in  CEBN  (Fig.  10)  . 

The  effect  of  the  cylindrical  iron  screen,  which  surrounds  iron 
free  aagnet,  can  be  calculated,  exanining  the  isages  of  current 
elenents  relative  to  cylindrical  surface,  when  the  density  of  flow  in 
the  iron  screen  is  sufficiently  great  and  its  aagnetic  peraeafcility 
it  is  possible  to  consider  it  infinitely  laxge. 
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Fig*  1.  Piald  pattern  during  -tbs  intersection  c£  twc  identical 
elliptical  conductors:  a)  dipole  aagnet;  b)  quadrupole  aagnet* 
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Fig.  5.  Fig.  6. 


Fig.  5.  Diagraa  of  qcadrupcis  of  Eanovskiy. 


Kay:  (1).  Iron.  (2).  Conductors. 


Fig.  6.  Diagraa  of  g  adrnpcis  cf  acrpurgc. 


Kay:  (1).  Conductors.  (2).  Iren 
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Fig.  7.  targa  aperture  cf  quadrupcle  of  Korpurgc. 


Fags  137. 

During  the  production  of  aagnets  practical  considerations 
frequently  aake  it  necessary  to  differ  froa  ideal  geceetry  and  to 
utilize  the  construction s/dasig ns  which  possess  technological  or 
econoaic  advantages  free  the  point  of  view  of  the  possibility  of 
their  realization  with  the  required  precisioc/accuracy. 
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The  analytical  solutions  frequently  require  high  current 
densities*  which  proves  to  be  unfavorable  economically*  talcing  into 
account  the  cost/value  c f  supply  and  cooling.  Therefore 
general/coeaon/tctal  tendency  lies  in  the  fact  that  to  fora/shape 
field  pattern  in  aost  important  sectors  cf  itcn-cored  aagnets  due  to 
inparting  of  the  corresponding  snaps  of  surface  of  poles. 

In  the  majority  of  the  cases  as  the  first  approximation  is 
utilized  the  assuapticc  about  the  infinitely  large  magnetic 
peraeability  of  the  iron  and  for  determining  the  shape  of  surface  of 
poles  they  calculate  aagnetic  constant  field  curves*  which  aust  be 
obtained.  Then  is  calculated  the  effect  cf  currents  and  they 
introduce  the  appropriate  corrections  with  the  aid  of  the  shins*  the 
auxiliary  windings  or  a  chance  in  the  prcf ile/airfoil  of  poles. 

aithin  the  fraaewcrk  of  the  hypothesis  cf  eguipotential  poles 
for  the  establishment  cf  confer aity  between  the  faailies  of  the 
eguipotentials,  which  correspond  to  different  configurations,  it  is 
possible  to  utilize  a  tetnod  of  ccnforaal  napping*  so  that*  knowing 
the  fora  of  poles*  which  gives  siaple  field  pattern*  to  find  the  fora 
cf  poles*  which  gives  ccaplsx  field  distribution. 


DOC  »  30069211 


FACE  Jiff 


Fig.  10.  superconductirg  guadrupcia. 


Page  138. 

This  aethod  proved  to  he  especially  useful  during  the  design  of 
aagnets,  ccnbining  different  futctacns,  for  the  strcng-focusing 
accelerators.  This  aethcd  was  used  also  for  calculating  the  fere  cf 
edges/fins  or  ends/leads  of  the  poles,  acrecver  in  the  calculation  of 
the  fora  of  edges/fins  cr  ends/leads  of  the  pcles,  no re over  in  the 
calculations  was  utilized  the  condition  of  the  constancy  of  the 


DOC  *  80069211  P AGS 

density  of  flow  in  some  contours/outlines  fee  the  purpose  of 
obtaining  the  contours/c ctlines,  in  which  is  absent  local  saturation 

PJ. 

is  a  nost  contemporary  example  of  the  use/application  of  a 
method  of  ccnforoal  mapping  for  designing  the  form  of  poles  can  serve 
the  glorious  magnet  of  tha  intersecting  rings  in  CEfiN  [8]  11)  • 

Used  conformal  mappings  are  stem  cn  Pig.  12,  13. 

The  adjustment  of  field  distribution  frequently  can  be  provided 
with  the  aid  of  the  pole  windings.  The  necessary  currents  of  these 
windings  with  a  good  ptecision/accuracy  can  te  rated/estimated  on  the 
basis  of  assumption  about  infinitesimal  thickness  of  the  current 
carrying  layer,  calculating  the  change  in  the  magnetic  potential 
along  the  surface  of  pcle,  which  wculd  correspond  to  the  necessary 
■ultipole  terms  in  field  distribution. 

ha  a  result  of  the  complicated  combination  of  all  aenticned 
above  physical,  technologic* 1  ard  economic  considerations  the  final 
stage  of  the  design  of  magnet  is  unavoidably  the  solution  of  the 
reverse  problem,  i.e.,  the  calculation  of  field  pattern,  created  by 
this  configuration  of  cizrents  ard  iron. 

In  the  case  of  ircr  free  magnets  this  problem  is  solved 
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directly,  since  it  is  singular,  mat  is  necessary  for  this,  the 
straight/direct  integration  cf  laflace's  first  law. 

The  programs  of  calculations  for  TsVB  [digital  computer],  which 
foresee  this  integraticr,  were  comprised,  fcr  example,  for 
determining  the  fora  of  the  field  cf  special  ircn  free  magnets  for 
the  investigations  on  the  thermonuclear  fusion  {see  Fig.  14)  [9-11]. 

Shan  is  present  ircn  in  tne  form  of  core  with  the  poles  as  in 
the  majority  of  usual  electromagnets,  or  the  type  of  framework  or 
screen,  closing  magnetic  rlux,  as  fcr  instance,  in  the 
superconducting  coil  electromagnets,  field  pattern  in  the  principle 
can  be  calculated,  after  considering  the  contributions  of  the 
elementary  dipoles,  which  appear  as  a  result  cf  the  magnetization  cf 
iron. 

The  local  intensity  of  magnetization  of  any  element  of  vclume  of 
iron  is  the  function  of  the  local  strength  cf  field  and  can  be 
obtained  from  the  curve  cf  primary  magnetization;  however  this  field 
is  in  turn,  the  function  of  tne  intensity  of  magnetization  of  all 
ether  elements/cells  cf  ircn.  Therefore  at  each  step/pitch  of 
iterative  process  must  be  solved  f ull/tctal/ccmplete  system  of 
equations.  During  the  scluticn  of  the  usual  tasks,  connected  with  the 
calculation  of  magnets,  such  calculations  require  sc  large  a  storage 
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capacity,  that  they  prcve  to  he  xapracticable  with  exception  of  the 
siaplast  cases. 

The  enormous  aajcrity  ci  me  calculations  of  the  fields  cf 
ircn-cored  magnets  is  acccaplisted/tealixed  with  the  aid  of  the 
celaxation  aethods.  Because  oz  the  use  of  contemporary  TsVM,  which 
possess  the  vast  aemory  and  hagn  speed,  these  aethods  provide  this 
speed  and  precision/accuxacy  cz  calculations,  that  alaost  coapletely 
extruded/excluded  othez  txaditicrai  analog  aethcds. 
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Fig.  11.  Short  unit  of  the  magnet  of  the  intersecting  rings. 


Page  139. 


The  configuration  ci  iron  and  current  distribution  are  utilized 
with  the  formulation  of  touncary  conditions  during  the  solution  of 
the  equations  of  Harwell  for  the  static  ragnetic  field.  In  this  case 
it  is  proposed  that  relationships/ratios  B-B  (H)  and  msm(B)  are 
singla-valued  and  ace  determined  by  the  carve  of  the  initial 
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magnetization  of  iron,  i.a. ,  taey  disregard  hysteresis  and 
residual/remanent  magnetization.  Induction  B  can  be  obtained  from  the 
vektor  potential,  deteriinad  by  equality  B-'votA-  Under  assuaptions 
presented  above  relative  to  connection/coamunication  between  values  B 
and  H  simultaneously  are  solved  relative  to  A,  B  and  p  the  following 
equations: 


■vot[(-^)’w^A]-0;  B^T/Ot  A ,  fi-p(B).  (4) 
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fig  14. 


Fig.  13.  conversions  for  nanding  of  eagnet  of  intersecting  rings. 

Key:  (1).  Neutral  pole.  U)  .  Prcfile/airfoil  cf  pole.  (3).  aedian 
plane.  (4).  plane. 


Fig.  14.  Diagraa  of  unwinding  type  "joint  of  tennis  ball". 
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Fage  140. 

1)  Relaxation  aethcds  in  the  case  of  twc-diaensional  tasks.  The 
calculation  aethods  and  eppea ring  in  this  case  practical  difficulties 
are  best  to  demonstrate  at  tta  two-dimensional  case,  for  which  were 
coaprised  several  machine  programs.  In  this  case  it  is  assuaed  that 
value  3  has  only  one  different  frca  zerc  components  3%  and  is 
calculated  field  distrit ction  m  the  place  (x,  y)  .  Then  vektor 
potential  has  only  one  different  froa  zero  ccipcnents  A*.  which  under 

condition  div  A=Q  aust  satisfy  the  relationsbip/ratio: 

Cl2 A  d,aA  1  dM  dA J_  dJi_ 

dx1  d-42  H  Cl*  dx  H  d4  dy 

It  is  aasy  to  see  that  in  tnis  case  a  difference  in  the  vektcr 
potentials  for  two  points  is  proportional  to  aagnetic  flux  between 
these  two  points. 

For  the  solution  cf  proble*  the  rag  ion  ir  question  is 
cover ad/coated  with  the  calculated  network  cf  corresponding 
configuration,  and  equations  in  the  partial  derivatives  are  replaced 
ty  equations  in  the  ficite  differences  which  aust  be  satisfied  at  all 
points  of  network.  In  existing  prograas  for  the  calculation  on  TsVfl 
is  utilized  either  the  network,  consisting  cf  the  rectangular  cells, 
position  and  sizes/diaecsicns  of  which  are  fixed/ recorded,  or  the 
network,  which  consists  cf  the  triangular  eleaents/cells  which  are 
constructed  for  each  particular  task  in  accordanca  with 
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examined/considered  the  configuration  they  have  available  in  such  a 
vay  that  the  outer  bcurdaries  and  the  dividing  lines,  approximately 
depicted  as  the  polygons,  wnclly  would  be  arranged/located  on  network 
lines. 


Direct  calculation  ty  relaxation  aethod  cn  TsVH  with  the  use  of 
equation  for  the  vector  potential  requires  a  large  nuaber  of 
iterations,  which  is  connected  with  the  aethod  of  the  expression  of 
boundary  conditions  for  A.  however,  in  spite  of  relative  coaplexity, 
nachine  programs  of  the  solutions  cf  equations  for  the  vektoc 
potential  are  of  known  interest  as  a  result  cf  the  single  approach  tc 
the  exaaination  tasks  as  a  whole.  I ha  programs  of  this  type  were 
comprised  and  they  are  utilised,  fur  exasple,  at  Stanford  University 
[12],  and  the  radiation  laboratory  of  Lawrence  in  Berkeley  [  13],  by 
the  authors  [14],  and  also  m  Outna  [15]. 

The  program  of  radiation  laboratory  "TBIK"  can  serve  as  an 
example  of  the  use  of  a  triangular  calculated  network.  During  its  use 
it  is  necessary  to  begic  from  tta  determination  of  the  geometry  of 
task,  after  subdividing  tne  region  in  question  cn  the  subregion  with 
the  uniform  properties  cf  material  or  the  uniform  distribution  of 
currants.  Further  in  each  such  region  program  constructs  the 
calculated  network,  which  consists  of  the  triangles  which  can  be 
equilateral  or  rectangular,  depending  on  input  data.  Ts?H  provides 
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the  graphic  indication  cf  network  that  it  makes  it  possible  fcr 
operator  to  introduce  all  necessary  corrections  taxing  into  account 
the  obtained  results.  The  selectJ.cn  of  netwcrlc  is  conducted  by  the 
trial-and-error  method  and  is  t fce  decisive  factcc  on  which  depends 
the  success  of  calculations. 

Coincidence  of  network  lines  with  the  cuter  boundaries  cf  the 
region  in  guestion  and  tie  interlaces  assures  considerable 
simplification  of  writing  of  di iterance  equations  fcr  such  boundaries 
and  simplicity  in  the  assignment  cf  boundary  conditicns.  However, 
with  the  work  with  this  program  calculated  netwcrlc  can  contain 
smaller  number  of  points,  than  during  the  use  of  a  program  with  the 
fixed/recorded  rectangular  netwcrx.  since  fcr  each  Feint  in  ZU  Ts?H 
must  be  stored  the  larger  quantity  of  information.  During  the 
construction  of  network  are  required  the  special  precautionary 
measures,  since  the  strcrg  distortions  cf  the  fern  cf  triangles  or 
their  imposition  it  is  possible  to  lead  to  the  erronecus  results. 

Fig.  IS  gives  an  example  or  the  network,  obtained  during  the  use  of  a 
program  "TRIf!"  for  calculating  the  magnet  with  the  field  gradient. 

Zn  another  group  cl  prograss  lor  the  solution  of  two~diaensional 
problems  by  relaxation  method  are  separately  and  alternately  examined 
the  regions  of  coils  with  air  cap  and  iron.  In  this  case  they  attempt 
to  utilize  the  advantage  that  in  the  majority  of  the  in  practice 


DOC  *  30069211 


fAG£  Of ft 


inter asting  cases  the  sufficiently  precise  first  approxieaticn  can  be 
obtained,  counting  aagcetic  perieanility  of  the  iron  as  infinite,  for 
which  in  sieilar  prograas  during  calculations  of  the  region  cf  ceils 
and  air  clearances  is  utilised  tie  aodified  scalar  potential,  which 
cn  initial  stage  of  calculations  can  be  considered  constant  cn  the 
surface  of  iron. 

For  this  purpose  is  introduced  the  auxiliary  vector  a  (Fig.  16) , 
which  is  determined  by  eguality  ootM-3 

Then  equation  •wtH-3  is  written  in  the  fere  -tot  (h-m)=o.  Further 
vector  { a-5)  can  be  cocsidered  as  the  gradient  cf  the  scalar 
potential  V*,  whence  we  have 

H-goadV^+M.  (u) 

Since  nagnetic  pereeability  is  permanent  and  unifora,  we  have 


also  div  H*9,  whence 
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Fig.  15.  Example  of  the  calculated  network  TRIM. 

Eage  141. 

In  the  case  of  twc-diaensicnai  task  one  cf  the  components  M* can 
he  arbitrarily  placed  sc  cal  tc  zero  (for  exaaple,  M«0),  then  Mg  is 
determined  by  the  equality 

Mx-j*3dy  +  c  ,  («> 

and  boundary  conditions  for  the  todified  potential  V*  can  be  easily 
determined,  integrating  equation  (7)  for  the  interface  of  the  regions 
cf  iron  and  air  with  tbs  coils. 
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After  the  solution  cf  equation  for  by  the  v*,  relaxation  method 
obtained  designs  magnetic  flux  xcr  interface  between  the  air  and  the 
iron,  which  gives  boundary  ccnditicn  for  calculating  the  vektor 
potential  in  the  region,  filled  kith  iron.  Further  are  perforaed 
calculations  in  this  region  in  process  of  which  are  deterained  the 
vektor  potential,  magnetic  induction  and  magnetic  permeability  at 
each  point  of  network,  first  vektor  potential  A  calculates  at  all 
points,  assuming/set  ting  magnetic  permeability  of  constant;  then  find 
components  inductions  G  as  the  partial  derivatives  of  vector 
potential  A,  and  values  B  arc  found  froa  the  tables.  The  further 
described  procedure  is  repeated  kith  the  new,  refined  values  cf 
magnetic  permeability.  Ihxs  iterative  process  is  repeated  until 
changes  in  aagnetic  per  suability  become  less  than  certain  assigned 
magnitude,  in  conclusion  are  calculated  differences  in  magnetomotive 
force  between  different  points  ct  the  contour/outline,  formed  by 
iron.  The  values  of  the  latter  are  utilized  then  for  refining  the 
strengths  of  the  currerts  and  scalar  potential  v*  on  the  interface 
iron  -  air  which  are  utilized  in  the  following  cycle  cf  calculations 
in  the  region,  filled  kith  air  acd  coils. 

The  separate  axaaination  of  tae  regions  cf  iron  and  windings 
provides  the  considerable  decrease  of  a  number  simultaneously  of  the 
points  in  guestion  and  the  savings  of  working  storage,  since  data  fer 
one  of  the  regions  can  be  retailed  in  the  lasting  meaory  when  are 
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performed  calculations  tor  anctner  region,  and  vice  versa. 

a.  Perin  and  S.  Van  dec  deer  in  CEBU  developed  the  prograa 
"HARE",  which  utilizes  in  the  calculations  alternately  vector  and 
scalar  potentials  [16].  Inis  pregram  was  applied,  in  particular, 
during  the  design  of  the  magnets  or  all  types  for  the  intersecting 
rings  in  CEBN.  In  order  to  ensure  the  sufficiently  precise 
calculations  of  field  pattern  in  the  most  iapertant  regions  of 
clearances,  calculations  were  repeated  with  the  consecutive  decrease 
of  mesh  sizes.  For  exaiple,  the  values  of  gradients  for  the  basic 
magnets  were  calculated  vith  the  piecisicn/accuracy ,  best  2*10‘5, 
which  corresponds  to  the  arrer  in  the  relative  values  of  fiald 
2«10“*.  For  the  compariscn  fig.  17  gives  the  calculated  and  measured 
divergences  of  gradient  froa  the  ncainal  values  for  P-  aagnets  of 
intersecting  rings  [17].  Two  curves,  shown  in  the  fignra,  correspond 
to  middle  field  and  field  in  the  saturation. 
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Fig.  17.  The  calculated  and  aeasured  values  of  the  error  for  gradient 
in  the  aagnets  of  intersecting  rings  1  -  calculation;  2  -  experiment. 


Page  142. 


One  of  the  particular  classes  of  the  tasks  which  can  be  solved 
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with  the  aid  of  the  twc-diaersicnai  programs,  are  tasks  with 
rotational  symmetry,  when  ritla  is  the  function  only  of  radial  and 
axial  coordinates.  Ccr responding  equation  for  the  vector  potential, 
written  in  cylindrical  coordinates  and  which  has  the  fora 


it  can  be  solved  analogously  with  usual  equation  for  the 
two-dimensional  task  in  the  Cartesian  coordinates. 

2)  Relaxation  calculations  in  the  t hree-diaensional  case.  Ideal 
for  designer  of  magnets  would  oe  one  calculated  program,  which  makes 
it  possible  calculate  all  three  components  of  magnetic  field  at  any 
point  during  the  prescri ted/assigned  three-dimensional  current 
distribution  and  iron.  As  far  as  is  known  to  the  author,  this 
full/total/complete  program  tnus  rar  yet  there  dees  not  exist.  The 
attempts  to  create  this  program  were  done  and  they  continue  at 
present;  however,  they  ara  encountered  with  the  serious  practical 
difficulties  (mainly  exaggerated  machine  time  and  necessity  for  too 
large  a  storage  capacity). 

As  in  the  two-dimecsional  case,  in  resolving  entire  task  it  is 
possible  to  utilize  only  a  vextor  potential  or  only  scalar  potential 
with  the  sections/cuts,  which  correspond  to  currents.  It  is  possible 
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to  assuae  that  in  the  first  cf  these  aethods  Hill  arise  the  saae 
difficulties,  connected  kith  bcuzdary  conditions,  as  with  the 
solution  of  two-diaensicnal  prcrlais.  Second  aethod  was  used  by  B. 
Christian  and  M.  Foss  [16,  19J.  The  author  [16]  comaunicates  that  he 
obtained  good  results  fez  the  sagnet  of  bubble  chaaber  in  which  the 
iron  plays  the  role  cf  the  franckork,  which  closes  aagnetic  flux,  and 
also  for  the  screens  of  systea  kica  Helaholtz's  coils,  and 
considerably  less  satisfactory  results  in  other  cases.  It 
ravealed/detected  that,  if  air  gap  out  of  the  iren  fraaework  is  not 
considered  in  the  calculations,  iterative  procedure  does  not 
converge. 

S.  Caeymaex  in  CEFS  aade  the  atteapt  to  find  the  aethod  cf  the 
solution  of  three-diners iccal  prctlems  with  the  use  cf  two 
potentials,  following  the  general/coaaon Aotal  idea,  placed  as  the 
basis  of  prograa  HARE  [iGJ.  Cp  to  now  it  successfully  overcaae  the 
first  stage  in  which  it  is  assuaca  that  aagnetic  peraeability  cf  iron 
is  infinitely  great.  Ic  its  pzegzas  fiiai-A  are  utilized  the  aodified 
scalar  potential  and  the  calculated  network,  which  consists  cf  the 
parallelepipeds.  At  each  point  cf  network  the  equation  in  the  partial 
derivatives  is  approximately  replaced  by  the  difference  equation, 
which  contains  the  values  of  function  into  four  nearest  adjacent 
points  (on  two  points  cn  each  axis/axle).  In  the  calculations 
consecutively/serially  are  utilized  the  sets  cf  three  of  the  adjacent 
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planes  of  three-diaensiccal  lattice,  that  that  in  the  working  storage 
lsVfl  simultaneously  must  ne  stored  data  cnly  for  three  adjacent 
planes. 

As  an  example  it  is  pcssinla  to  refer  to  the  calculations,  which 
were  being  carried  out  fcr  tbe  lagnet  of  the  intersecting  rings  of 
CERN.  »as  utilized  the  cetwcrk,  hbich  consists  cf  -124000  points 
(49x55x46).  on  TsVM  CDC-660J  tae  solution  was  obtained  in  25  min. 
Magnet  itself  and  entire/all  region  of  calculations  is  schematically 
shown  in  Fig.  18. 
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Fig.  18.  Fig.  19. 


Fig.  18.  Schematic  of  sagnet  *ith  radial  field  of  intersecting  rings. 
Key:  (1).  Region  of  calculation. 


Fig  19.  Calculated  and  teasuzed  errors  fcr  aecunt  of  turning  up  force 
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of  magnet  with  radial  field  or  intersecting  rings.  1  -  calculated 
values;  2  -  measured  values. 

Page  143. 

Pig.  19  for  the  comparison  gives  the  calculated  and  measured  values 
cf  tha  turning  up  force  cf  magnet,  which  has  Gaussian  spatial 
distribution.  It  is  evident  that  tnese  values  differ  not  more  than 
10 


At  present  it  is  developed/ processed  tc  program  niai-i  for 
calculating  the  vekter  potential  in  the  iron. 
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Ye.  S.  Mironov.  Is  how  tne  operating  speed  of  the  coaputer,  in 
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which  were  done  the  calculations  or  field  taking  into  account  the 
saturation  of  iron? 

L.  Peren.  Hot  it  is  clear  char  you  call  the  operating  speed  of 
sachine.  Me  utilized  machine  60306600. 

V.  G.  Da vidovskiy .  In  the  present  report  were  exaained  the 
methods  of  calculation  cf  Magnetic  fields  with  the 
prescribed/assigned  cor uguraticr  cf  conductors  and  iron.  However, 
large  interest  are  of  the  aethcds  cf  the  deternination  of  the  forns 
cf  the  windings  with  the  permanent  current  density,  which  create  the 
required  field  in  the  circle  or  tie  ellipse  ic  the  unshielded  systea 
cr  in  the  systea  with  tie  current  cr  iron  screening. 

If  is  prescribed/assigned  the  f oraed/shaped  in  the  circle 
(ellipse)  field,  then  facia  in  the  aetal  is  deterained  by  a  precise 
analytical  expression  ^conxng  vtach  with  the  expansion  of  applied 
field  in  the  series/row  in  teras  of  the  aulti poles,  it  is  possible  tc 
accurately  determine  by  ruaerxcal  method  the  unknown  boundary  of 
conductor  when  in  the  izen  cf  screen  witfccut  resorting  tc  net 

point  aethed.  This  considerably  economizes  the  aeaory  of  machine  and 
speeds  up  count. 
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41.  QUESTIONS  OF  THE  H AT  EEH ATIC  A l  SIMULATION  OF  T  HR  EE- DIE ENS ION AL 
MAGNETOSTATIC  FIELDS. 

N.  I.  DoyniJcov,  A.  S.  Sxiaxov. 

(Scientific  rasearch  institute  cr  the  alectrophysical  equipaent  ia. 

C.  V.  Yafreaov)  . 

In  this  coaaunicaticn/rapcit  xs  set  forth  and  is  discussed  the 
procedure  of  calculaticn  of  tnxee-diaensional/spac9  aagnetostatic 
field3  for  the  isotropic  aaaxa,  cased  on  finite-difference 
approximation  of  the  variational  and  integral  foras  of  Maxwell 
equations  relative  to  tie  vecxcz  acd  modified  scalar  cf  potentials. 

1.  Expedient  to  construct  rinxta-diff er ence  equations  relative 
to  three-component  vektex  potential  A (x.  y,  z)  on  the  basis  cf 
condition  cf  ainiaua  cf  integral 

<D-J[*CBa)-MA]olTr,  (1, 

(V) 

in  which  A  satisfies  prescribed/assigned  values  cn  external  boundary 
of  the  region.  Function  5(8*)  is  proportional  tc  aagnetostatic  energy 
and  is  connected  with  sagnetic  peraeability  p  with  the 
ralationship/ratic 
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B»"VOtA  ,  (3) 

3  -  current  density;  integration  is  done  over  entire  vcluae  of 
field. 


Page  144. 

The  chosen  aethcd  cf  tae  detarainat ion  of  the  finite-difference 
equations  is  not  only;  however,  uth  this  approach  aost  clearly  is 
revealed/detected  the  physical,  sense  of  the  cfctained  expressions. 


For  the  rectangular  net her k  (Fig.  1A)  difference  analogue  of 
integral  (1)  can  be  written  in  the  fora 

aM.k)]  h<  hz  ’ 


in  which  through  ^  are  designated 

the  coaponents  of  the  current  density  and  vekter  potential  in 
node/unit  i,  j,  k,  and  through  k  +  ^  -  value  of  the  square  of 

induction  in  the  center  cf  cell  1.  If  first-erder  derivatives  of  the 
unknown  functions  in  fcxiula  (3)  are  are  replaced  with  central 
differences  for  the  averaga/iean  between  the  cedes/units  points,  then 
the  unknown  systea  of  the  rinite-diff erence  equations  we  obtain 
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during  the  ainiaizaticc  cf  sua  (4)  : 

#  M, 

let  is  note  that  expressions  (5)  can  be  found  also  froa  the  integral 
fora  of  the  equations  cf  daxweil  with  the  circuit/bypass  of  points 

*-i»k),(t.i>k±-$r)  along  the 

con tours/ out lines  whose  planes  are  perpendicular  to  the  appropriate 
axes  of  the  coordinates  (Fag.  It  snows  the  ccrtcur/outline  of 
circuit/bypass  FQMH  of  pcint  (x*1/2,  j,  k) ) . 


The  solution  of  the  systems  cf  nonlinear  equations  (5)  is 
acconplished/realized  cc  the  ccaputers  by  the  aethod  of  consecutive 
ever- relaxation  siailarly  tc  works  [1,  2]. 


Based  on  the  example  of  the  task  about  the  effect  of  nonlinear 
cube  on  external  unifcca  field  (Fig.  2a  shows  the  first  octant  of  the 
studied  region  on  bouncaires  of  which  it  was  disregarded  by  the 
effect  of  cube  on  the  applied  field)  was  checked  the  correctness  of 
coapu taticnal  algorithm,  were  deterained  the  intervals  of  the 
paraaetar  of  the  consecutive  over-relaxation,  which  ensure  the  stable 
convergence  of  iterative  process. 


The  tiae  of  the  execution  cf  cne  cycle  (cycle  -  the  correction 


DOC  *  30069211 


EJ  GE 


ML. 


of  three  coeponents  ct  potential  ic  all  calculating  eesh  points) 
according  to  the  prograa,  writtet  in  the  input  language  Portran,  was 
10  s  on  the  computers  Eisa-t  for  tne  region,  shewn  in  Pig.  2a.  In 
this  case  for  determination  A^.a^.a,  with  the  satisfactory 
precision/accuracy  were  required  -40  cycles.  The  given  in  Pig.  2b 
results  of  calculation  cive  cnly  correct  qualitative  picture  and  do 
not  pretend  to  the  p re ci sic n/ accuracy  in  view  of  a  seall  number  of 
nodes/units  in  the  studied  regicr  (Pig.  2a). 

2.  Upon  classical  setting  cl  coundary- value  problems  of 
sagnetostatics  calculation  of  tiela  is  complicated  by  presence  of 
current  carrying  regions.  Tnis  xs  connected  with  the  vortex/eddy 
properties  of  the  magnetic  field  ter  describing  which  is  applied 
three-component  vekter  potential.  Is  most  relief  calculated 
difficulties  become  apparent  during  the  analysis  of 
three-diaensional/space  fields  in  the  curvilinear  boundaries. 
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Fig.  1. 


Fig.  2. 


Fig.  1.  To  conclusion/cutp ut  of  fiaite-diff scenes  aguations. 


Coordinates  of  the 


:he  pcirts:  .  nhi-fr,  j-i.i-i; 


Fig.  2.  On  the  calculation  of  the  components  of  potential  a)  the 
first  octant  of  the  regicn  is  guestion;  1  -  (E)  =a»8*/c«-B*# 

a*25600,  c*16;  2  -  p*1.  t)  distribution  B,(x,g..2)/B0  along  the  lines 
parallel  to  the  coordinate  ares: 


1- x-£h,  1*Y?a; 

2- x»vtn,  g-^h. 
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However,  the  solutica  is  possible  substantially  to  siaplify, 
after  raising  simult anecusly  precision/accuracy  with  the  nuaerical 
solution  of  task,  if  we  cse  the  acdified  scalar  potential  V(x,  y , 
z) whose  description  for  tae  two-diaensional  fields  in  linear  aedia 
(h31)  is  contained  in  works  i.3-6]. 

In  this  coaaunicaticn/report  is  constructed  the  aodifier*  scalar 
potential  in  the  general/ccaaca/total  (t hree-diaensicnal)  fora  for 
the  isotropic  aedia. 


Let  the  aagnetic  intensity  be  detsrainad  by  the  expression 

H-  j-vad V  +  P.  (,;) 

Then  fron  the  equation  of  Maxwell 

it  follows  that  vector  P  aust  satisfy  the  relationship/ratio 


tut  froa 


■tot  P=0, 


(«) 


with 


CUv  B  -  0 


(O) 


(10) 


and  the  known  vector  P  it  is  obtained  equation  for  the  deter sinaticn 
of  potential  7: 
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ili.v(^  (JvidV)  — di,V(iP.  (11) 

la  the  case  ^*const  expression  (11)  is  simplified  and  takes  fern  [4] 

AV  =  -  div  P.  (12) 

The  given  reasonircs,  cnvicusly,  are  valid  alsc  for  the 
arbitrary  dependence  B(ti).  On  tne  geometric  irterface  of 
heterogeneous  media  according  tc  expressions  (6)  and  (10)  we  have 


(13) 


(14) 


while  at  infinity 


(jvad  V  -  —  P .  (13) 

During  the  conclusion/cutput  or  relationship s/ratios  (13) -(15)  was 
utilized  the  continuity  cf  vector  P.  Per  the  eajority  of  virtually 
interesting  tasks  vector  P  can  re  constructed  sc  that  on  the 
interface  of  heterogeneers  media  it  will  be  egual  tc  zero.  It  does 
not  rapresent  the  work  tc  consider  also  surface/skin  currents. 


aith  prescribed /assigned  tangential  coapcnent  of  field  cn 
bounding  surface  boundary  values  Vs  (Dirichlet  condition)  it  is 
located  by  the  integration  of  relationship  (6). 


As  vector  P  it  is  possible  to  select  any  particular  solution  of 
equation  (8) .  In  accordance  with  selection  F  will  change  values  vs 
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and  conditions  (14),  (15).  In  the  Cartesian  coordinate  system  vector 
F  can  be  selected  as  fellows: 


a  v  zo  ,  {lh 

-SC|'J  Ijk 

*°  »°  I  2 

+  J  drj , 

*0  X0  V  I  1 

P1(x,u,'x)=Tr  \  ,  (iu) 

*» 


(IT) 


where  lower  integration  limits  xc,  y0,  r0  are  permanent.  If  3**0, then 

components  (16)- (18)  can  be  written  in  the  siipler  form: 

•z 

Px(x,tj,m)-|o^(x,^,t)dt,  P^(x,y,m)*  UfO 

=-I  J*(*,4.t)dt ,  P*-0. 

x«  « 

In  plane-parallel  case  (3tc=*3^«0)  it  has  [3-5j: 

Rc(x^)— P^o,  P*  =  o  .  (20) 

In  the  cylindrical  coordinate  system  vector  P  is  constructed 
analo  gously. 


This  reception/Frccedure  car  prove  to  be  useful  also  with  the 
solution  of  the  proble*  anout  the  determination  of  vector  by  its 
vorter/eddy  and  disagree aent  [7]. 

Applying  the  law  cf  conservation  of  flew  to  surface  of  S  (see 
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Fig.  I.ii)  ,  it  is  easy  tc  obtain  tie  finite-difference  equations  whose 
solution  is  accomplished/raaiized  on  the  coaputers  by  the  method  of 
consecutive  over-relaxation  (1,  2,  5]. 

Let  us  illustrate  the  possibilities  of  the  described  procedure 
based  on  the  exaaple  o  t  tne  calculation  cf  the  end  field  of  a  magnet 
cf  the  type  of  "window  frame"  without  talcing  into  account  the  effects 
cf  the  saturation  cf  the  magnetic  circuit  (frcm  that  presented  it  is 
clear  that  there  can  be  also  cocsidered  the  effects  of  saturation) . 
Fig.  3  depicts  the  studied  regicc  in  the  divisicns  of  square  network. 
For  simplification  of  ccsputaticnai  program  the  geometry  cf  ceil  on 
magnet  end  is  approximated  by  rectangular  fractures.  Computational 
program  is  written  in  the  input  language  Fortran,  for  obtaining  the 
results  with  the  acceptable  pxecision/accuracy  on  the  coaputers 
EESS-6  it  was  required  by  40-50  air.  Frcm  the  comparison  curves  in 
Fig.  4 ,  5  it  follows  that  the  calculated  and  experimental  data  for 
distributions  Bl/B0  and  Bx/B0  coincide  satisfactorily. 

In  the  case  of  the  separate  examination  cf  linear  and  nonlinear 
saturated  regions  can  be  considerea  by  the  ksewn  [4,  5]  method  of 
successive  approximatiens  with  the  use  of  that  of  respectively 
modified  of  scalar  and  vextcc  potentials. 


In  conclusion  let  us  note  that  the  procedure  presented  can  prove 
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to  be  highly  useful  durirg  rha  assign  of  elactronagnets. 

The  authors  express  smears  gratitude  to  the  colleagues  of 
NIIEPA  v.  D.  Borisov  arc  L.  N.  Vaulin  for  the  granting  of  the  give 
magnetic  neasureaents. 


i 

i 


Fig.  3.  Studied  region,  a)  fourth  cf  the  cress  section  of  aagnet  in 
the  divisions  of  square  rethcrJt  with  the  step/pitch  h*0.5  ca;  b)  the 
part  of  the  longitudinal  section  (with  a  density  of  y»0)  of  aagnet  in 
the  divisions  of  the  quadruples  of  network  (h*C.5  ca) .  Dotted  line 
showed  the  siaplified  ter  the  calculation  gecietry  cf  coil  on  the 


DOC  *  80069211 


EAGJi  &  / 


end/f aca. 

Pig.  4.  Distribution  b2(x,o.o)/b0  1  “  calculation  data  when  - 

-  experi mental  data  with  3 0= 6  kg  (£0  ~  in  the  field  at  the  center  of 
the  clearance  of  elect icsagnet) . 


Pig.  5.  Distributions  ax(x*,  o ,  a)/B0  (a)  and  g»**)/B0  (•)(*"-  o,7 

distance  froa  the  end  surface  of  aagnetic  circuit) . 
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Discussion. 

V.  A.  Papadichev.  There  arc  ubether  the  netheds  of  the  rapid 
estinations  of  field  with  siail  changes  in  the  paraneters  of  eagnet, 
cr  each  tine  it  is  necessary  to  cneck  version  anew? 

N.  £ .  Doynikov.  There  are  no  such  netheds,  it  is  necessary  to 


carry  out  entire  calculation  anee 
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42.  Squipaent  for  the  sacnetic  eeasureaents  cn  the  synchrocyclotron 
cf  FT I  of  the  AS  OSS B  tc  the  energy  of  protons  1  6eV. 

v.  A.  Yeliseyev,  G.  A.  Eiahov,  I.  I.  Tkach. 

(Physiotechnical  institute  in.  A.  f.  Joffe  cf  the  AS  OSSB)  . 

Large  voluae  of  the  aeasured  eagnetic  field,  stringent 
reguirenents  for  the  pxecisico/accuracy  cf  shaping  cf  ground  field  of 
7-aeter  synchrocyclotrcn  and  fields  in  the  systei  of  output  led  to 
the  necessity  of  creation  of  precision  aagnetoaeter  eguipaent  and 
eutoeation  of  the  process  of  acasureaents.  Cevelcped  fer  this  purpose 
coaplez  of  instruaents  consists  cf  the  nocleat  aagnetoaeter  (ia») , 
the  aeter  of  the  positicc  of  aedian  surface  (IBF),  precision 
aagnetoaeter  of  Hall  (EKfc)  and  ectcaated  cccrdicate  systea  (KS)  with 
the  unit  cf  control  and  printed  digital  output. 


Nuclear  aagnetoaeter  with  the  autoaatic  frequency  control  [ 1  ] 
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lakes  it  possible  to  take  a  reading  of  field,  without  resorting  to 
adjustsent  after  the  setting  up  cf  sensor  intc  the  point  with  the 
prescribed/assigned  coordinates.  Entire  eeasuzed  range  of  field  17-20 
kg  overlaps  with  one  sensor.  Error  of  aeasuresent  3 •  10~a.  Por  the 
■easuresents  in  the  fields  wish  the  heterogeneity  of  20-80  G/ca  is 
applied  the  coapensaticn  for  gradient.  Extension  blcck/nodule/unit 
with  the  self-excited  oscillator  and  the  preaaplifier  (Fig.  1)# 
carried  cut  on  the  planer-electrode  tubes,  is  located  in  the  aeasured 
field.  The  length  of  coupling  calls  is  egual  to  40  a.  The  signal 
freguency  of  nuclear  resonance  is  seasurcd  by  electronic  frequency 
aeter  Ch  -4  and  together  with  the  coordinates  ot  aeasuring  pcint  is 
printed  on  the  strip/fils  by  devica/eguipaent  TsPH-1. 

The  aeter  of  the  pcsiticn  cf  aedian  surface  is  carried  cut  on 
the  basis  of  the  vertically  oriented  pickup  of  Ball  [2],  which 
aeasures  radial  coapcnent  B,-  The  hall  pickup  is  arranged/located  in 
the  aassive  copper  cylinder,  suspended/hung  frea  thin  caprone 
filaaent  (Pig.  2).  Massive  cylinder  provides  the  vertical  orientation 
cf  sensor  and  the  effective  attenuation  cf  aechanical  oscillations 
due  to  the  eddy  currents.  An  inaccuracy  in  the  vertical  orientation 
cf  sensor  is  reaoved  by  the  aethed  of  the  subtraction  of  the  results 
cf  aeasureaents  in  the  initial  position  of  sesscr  and  in  the 
position,  turned  relative  to  vertical  line  on  180°.  The  coordinate  cf 
aedian  surface  is  located  by  interpolation  of  values  of 
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those  aeasured  at  two  points  according  tc  the  vertical  line  near  the 
■edian  surface.  Sith  this  aethod  or  detereining  the  position  cf 
■edian  surface  sufficicrt  tc  produce  relative  aeasureaents  and  IHP  it 
is  actually  "zero-ad justaent  instEuaent".  In  this  case  there  is  no 
need  in  a  good  stabilization  or  the  feed  current  of  sensor, 
tenperature  stability  arc  in  tie  calibration  cf  the  sensitivity  of 
the  Hall  pickup.  Therefore  Here  utilized  the  Hall  pickups  free  n-6e 
with  tenperature  stability  of  Q.2o/o/l°C,  but  with  sensitivity  -100 
m7/G,  which  ensured  the  eeasureaent  of  value  br  by  digital  voltaeter 
8-339  with  the  precisicn/accuracy  1  G  without  the  use/application  of 
an  aaplifier. 

The  aeasureaents  cf  nonunifora  fields  with  the  gradients  >80 
G/ca  were  aade  with  the  aid  of  the  aagnetoaeter  with  the 
theraostatically  controlled  Hall  pickup.  The  construction/ design  of 
tester  BKh  is  given  in  fig.  3.  iithin  the  tester  is  aaintained 
tenperature  of  37*,0.  1°c  with  the  aid  of  the  adjustable  preheating  at 
a  tenperature  of  envircraent  or  20£,10°c.  For  the  equalization  of 
tenperature  gradients  tie  internal  voluae  of  tester  is  flooded  by 
oil.  Tenperature  detector  is  the  iapedance  frci  the  copper  wire  with 
a  disaster  of  0.05  an,  connected  with  alternating-current  bridge  with 
the  frequency  of  1  kHz.  The  electrical  block  diagrae  of  theraostat  is 
given  in  Fig.  4. 


Fig.  1.  Diagraa  of  the  exteasio r  block/acdule/unit  cf  nuclear 
aagnetoaeter. 

Key:  (1).  Ground.  (2).  Output  sign.  (3).  Adjustment.  (4).  Cont. 
pulse. 

Page  143. 

For  the  supply  of  the  Ball  pickups  was  applied  the  stabilizer, 
which  ensures  work  os  twc  ranges  c t  the  current:  50-200  aA  with  the 
load  1-2  ohas  and  5-20  si  with  the  load  100-2C0  ohas. 
Precision/accuracy  of  the  stabilization  of  current  10~*.  Stabilizer 
is  carried  out  on  the  diagraa  with  the  conversion  of  constant  stress 
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into  the  variabla/alternating.  is  the  converter  is  utilized  integral 
interrupter  IP-1G.  standard  resistance,  IP-1G  and 
supporting/ref erence  statxaitrcn  tube  D8  18Y*.  are  placed  into  the 
thersostat,  in  which  is  aarntained  teaperature  cf  60±.0.5°c.  Ihe  block 
diagraa  of  stabilizer  is  given  in  Fig.  4.  calibration  of  MKh  was 
conducted  with  the  aid  cf  YaS,  an  error  cf  aeasurenent  MKh  3«10"*. 
Hall  voltage  is  aeasured  by  digital  voltaeter  B-339  and  together  with 
the  coordinates  is  printed  cn  the  strip/ file. 

Coordinate  systea  hits  the  unit  of  control  [3]  aakes  it  possible 
to  autoaate  the  process  cf  the  aeasureaents:  tc  reaotely/distance 
install  sensors  into  aeazuring  peart,  to  start  aeters,  to  print 
coordinates  and  results  cf  the  aeasureaents  by  device/eguipaent 
TsPH-1.  Basis  of  KS  is  five-seter  beaa/gully  with  the  rotational  axis 
in  the  center  of  aagnet.  Hadial  coordinate  is  assigned  by  the 
displaceaent  of  aeasurinc  carnace  along  the  beaa/gully,  aziauthal  - 
by  rotation  of  beaa/gully;  z  -  coordinate  cf  tester  IMP  is  assigned 
aixing  of  tester  relative  to  carriage.  Displacenents  ever  B  and  9  - 
to  coordinates  are  conducted  by  engines  of  the  noneagnetic  Materials, 
for  which  the  aeasured  field  as  stator.  Aziauthal  cccrdinate  is  set 
by  the  twc-channel  servo  systca  with  the  coefficient  of  reduction 
froa  the  fine  selsyn  tc  rough  of  50:1.  The  rotation  of  beaa/gully  is 
conducted  by  the  actuating  aechacisa,  carried  cut  fres  the  stray 
field,  with  the  aid  of  the  shaft  wath  a  length  of  5  a.  The  setting  up 
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of  carriage  oa  a  radius  is  prcdcced  at  discrete/digital  points  with 
the  step/pitch  80  as.  Fez  the  acasureaents  io  the  systea  of  the 
conclusion/output  where  there  was  required  the  decrease  of  the 
step/pitch  of  aeasureaents,  was  utilized  the  carriage,  which  takes  it 
possible  tc  aove  senscrs  relative  to  carriage  tc  the  length  cf  150  an 
with  the  ainiaua  step/pitch  1  at. 
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Fig .  2.  Tester  of  the  aetar  ci  scdian  surface  (IMP)  .  1  -  Bali  pickup 
2  -  support/basa  of  senkcr;  3  -  adjusting  screws;  4  -  caprone 
filasent;  5  -  strut;  6  -  iiaitiag  fork;  7  -  thin  conductors. 


Kev:  (1).  Fora  on  arrow/ pointer  A 
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Fig.  3.  Tester  of  Hall’s  aagnetceerer.  1  -  Hall  pickup;  2  -  winding 
cf  theraoaeter;  3  -  copper  basis/ base;  4  -  heat-insulating  packing;  5 
-  rubber  gasket;  6  -  heater;  7  -  housing;  8  -  packing;  9  -  electrical 
leads. 


\ 

\ 

1 
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Pig.  4.  Blcck/aodule/ucit  is  the  duagraa  of  Hall's  magnetometer:  1  - 
current  regulator;  2  -  thermostat  cf  tester;  2  -  theraostat  of 
currant  regulator;  D Kh  -  pickup  cf  Hall  cf  the  type  Kh5ll,  u  - 
amplifier ;  FD  -  the  phase  discriminator;  G  -  oscillator;  OPT  -  dc 
amplifier;  PT  -  passage  transistor;  DT  -  temperature  sensor;  N  - 
heater;  T  -  control  of  tte  thermostat  of  stabilizer;  H-339  -  digital 
voltmeter;  PK  -  converter  of  code  n-33?;  -  ordnter;  - 

octentioneter;  -  interrel  tr.terrunter . 

Page  149. 


Bangs  of  displaceaent  ever  the  vertical  line  150  am  with  the 
step/pitch  25  an.  The  points  cf  seasureaent  alcng  the  azimuth  are 
distributed  evenly,  a  cumber  o t  measuring  pcists  can  be  egual  to  100 
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50,  25,  20  or  10.  The  precisicn/accuracy  of  the  setting  up  of  the 
coordinates  of  sensors  ccsprises  or  radius  and  height  of  0. 1  as, 
along  aziauth  of  0.1°.  Ccaxrci  cf  shift  cn  all  coordinates,  the 
position  display  of  sensors  (S,  8,  z) ,  the  starting/launching  of 
aeters  and  printed  digital  cutpit  are  conducted  by  the  unit  cf  the 
control  whose  block  diacraa  is  eaten  in  Fig.  5.  The  position  of 
sensor  on  each  of  the  coordinates  is  deternined  by  the  bidirectional 
counter,  which  counts  a  rusher  ci  points  by  a  number  cf 
closings/shortings  of  key/wrench,  which  ccccr  with  the  passage  of 
neasuring  paint.  YaM  aeasureaents  can  be  conducted  autoaatically 
according  to  the  previcosly  selected  prograe.  Gate  cf  the  autcaatic 
aeasureaents  of  fan  cn  radius  15  seasurenents  per  ainute,  alcng  the 
azianth  -  25  aeasureaents  per  ainute  (in  the  aeasureaents  at  100 
points).  Rate  of  the  aeaeuxeeents  by  Hall*s  aagnetoaeters  -  140 
aeasureaents  in  the  hour.  Maasuzeaants  are  conducted  by  one  operator 
froa  the  panel,  distant  cn  20  a  fzca  the  measured  field.  After  the 
introduction  of  series  cf  changes,  connected  with  cooling  of  the 
sensors  of  Yan,  in E  anc  engines,  which  are  located  in  aagnet  gap, 
appeared  the  possibility  to  tee  eguipaent  fer  the  ccntrol 
aeasureaents  of  the  topography  cf  field  with  the  vacuue  in 
accelerative  chaaber/cascca  [4], 

neasuring  coeplex  is  very  effective  with  shaping  of  ground  field 
cf  synchrocyclotron,  kith  itn  aid  was  possible  to  shape  the  field  of 
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seven-aetar  synchrocyclotron  with  the  relative  amplitude  of  the 
fundaaental  haraonic  and  the  divergence  of  aedian  plane  frca 

the  the  geoaetric  aean  1  ci.  with  its  aid  were  else  shaped  the 
fields  of  aagnetic  pipe  and  regenerator  in  the  highly  efficient 
systea  of  conclusion/e ct put  £5,  6]. 


! 


}  » 


\ 

l 
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Fig.  5.  BlccJc  diagraa  c t  the  control  unit.  BS  -  bidirectional 
counter;  D  -  decoder;  BP  -  setting  field;  I  -  indication;  00  -  block 
cf  the  logic  of  control  cf  displacement ;  OSS  -  servc-aaplifier ;  IM  - 
the  actuating  eechanisa  cf  servo  systea;  IB  -  aeasuring  carriage:  BP 
-  power  supply  unit;  laa  -  nuclear  magnetometer ;  hk h  -  8811*3 
aagnetoneter;  TsPH  -  1  -  printer;  H-339  -  digital  voltmeter;  Chi-4  - 
electronic  frequency  aster;  FK  -  converter  cf  cede  R-339. 
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43.  Eguipaent  foe  the  aagnetic  aeasureaents  ia  the  electroaagnet 
7APP-4. 

B.  A.  Baklakov,  7.  P.  Vcreaeyenkc,  a.  n.  Karliner,  E.  A.  Rupee,  B.  7. 
levichev,  l.  o.  oreshkci,  I.  la.  Erotopopov. 

(Institute  of  nucleae  physics  ci  SO  AN  USSR  ^Siberian 

Oepaetaent  of  the  Acadeay  of  Sciaaces  of  the  OSSB]). 

In  connection  with  tae  large  voluae  of  the  aagnetic  aeasoeeaents 
of  the  electroaagnet  cf  pxotcn-aati proton  accuaulatcc/stoeage  7APP-4 
in  tha  institute  of  nucleae  physics  (Novosibirsk)  was  developed  and 
prepared  the  iaproved  aeasaxiag  eguipaent,  in  vhich  for  aeasuring  the 
aagnetic  field  are  utilizeo  the  hall  pickup,  the  distributed  cn 
operating  region  sections  of  aagnet.  The  use/application  of  a 
coaautator  on  the  field-effect  transistors  and  the  use  of  a  direct 
coupling  vith  the  coapcters  aade  it  possible  tc  sharply  increase  the 
operating  speed  of  systei  in  ccayarison  vitb  the  systea,  described  in 
vork  [  1  ]. 

Eage  150. 


As  the  aeasuring  eleaeats/cells  are  utilised  the  Rail  pickups. 


DOC  =  90069212 


E  IC  E 


L 


developed  in  SKB  I  PAM  cf  the  OSSfi  (Leningrad).  The  standard 
characteristics  of  senscrs  axe  civcn  belcv: 

Sensitivity  of  sensors  with  the  operating  current*  pV/Oe  ...  10-15. 

Operating  current*  sA  ...  160. 

Tespecature  sensitivity  index*  c/c/°C  ...  0.01-0.03. 

Input  and  output  resistance*  oha  ...  1-3. 

2s f  of  nonequipotentiality  vita  operating  current*  ...  .$100. 

Tenperature  coefficient  cf  eaf  ci  coneguipotertiality,  mV/°C  ...  1-2. 

Effective  area  of  sensor*  aaxas  ...  1.5x0. 5. 

These  sensors  are  characterized  by  a  saall  drift  of  eaf  cf 
nonequipotentiality  and  its  weak  quadratic  dependence  on  the 
tangential  component  of  xaynetic  tield  [2].  The  calibration  of 
sensors  is  conducted  in  the  special  calibration  aagnet  whose  field  is 
stabilized  with  the  aid  cf  the  zuciear  sagnetceeter  with  the 
precision/accuracy  net  worse 
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The  sensor  unit  of  flail  is  carried  oat  analogously  with  that 
described  in  work  [1].  leo  sensors  aeasaze  the  vertical  coapcaent  of 
■agnetic  field  (two  serres/zews  ca  S  sensors) ,  two  sensors  -  radial. 
Besides  then,  into  the  block  are  installed  the  theraistors,  signals 
froe  which  are  utilized  In  the  computers  for  the  introduction  of 
teapecatura  correction,  viu.cn  aade  it  possible  tc  forego  the 
theraostatic  control. 

The  block  diagraa  ct  aeasuung  systea  is  shown  in  Fig.  1,  and 
its  general  view  -  in  Fig.  *. 

The  Hall  pickups  axe  connected  in  series  and  are  supplied  froa 
cne  source  of  stable  ctxxent  with  the  lasting  instability  less 
i.(2-3)  •10“*.  The  oscillator  circuit  of  current  is  isolated/iasulated 
and  has  a  saall  capacity/capacitance  with  respect  tc  the  eartb/ground 
and  the  power  line  (20C  pF)  . 

The  sensor  unit  of  flail  is  aoved  within  the  chaaber/caaera  of 
elect roaagnet  on  accurately  earned  out  guides.  The  action  of  block 
is  acconplished/realized  continuously  with  the  aid  of  the 
screw/propeller  in  long  appzoxr aately  4  a  with  which  is  aechanically 
connected  the  light  senecz  of  longitudinal  coordinate. 
Precision/accuracy  of  the  deter  Bination  cf  coordinate  ±0.1  aa.  The 
shaper  of  light  sensor  pets  out  synchronizing  pulses  through  1  ca  of 
the  path,  passed  by  se'ascr  unit. 


i 
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Fig.  1.  The  block  diagxaa  o i  the  aeasoring  system:  1  -  current 
generator;  2  -  sensor  enit  of  hall;  3  -  block  of  displacement  and 
■ensuring  the  coordinate;  4  -  ccaautator;  5  -  prcgraaaer;  6  -  dc 
amplifier;  7  -  digital  voltmeter;  8  -  blcck  of  initial  data;  9  - 
converter;  10  -  computer  "Minsk- i 2";  11  -  buffer;  12  -  aagnetic 
recorder;  13  -  control  unit  of  recording;  14  -  code  converter;  15 
electrical  typewriter. 

Key:  (1).  Launching/starting. 
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Fig.  3.  Diagraa  of  ccaautator  oa  tN  field-effect  transistors. 

Ray:  (1).  To  the  entrance  of  vcitaeter. 

Page  151. 

The  start  of  any  sensor  (DR h  1 .  D Kh2  and  sc  forth  in  Fig.  3)  is 
accoaplished/realized  during  cicsnng/shorting  of  tvo  keys/vrenches  cn 
the  field-effect  transistors  KPl02Xe.  Field-effect  transistor  is 
opened.  when  the  voltacc  between  the  source  atd  the  gate  is  equal  to 
zero,  and  it  is  closed,  when  voltage  on  the  gate  relative  to  source 
■ore  or  is  equal  the  potentials  of  cutoff,  equal  to  usually  2-3  V. 
Control  of  channel  acccaplisbes/tcalizes  the  ccaautating 
cascade/stage  on  the  tzsrsnstcz  KTJOlA,  potential  on 


"v 
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collector/receptacle  of  vhich  can  take  two  values:  >8;  0.6  V.  The 
collect or/receptacle  of  tae  ccaautating  transistor  is  connected  with 
the  gates  of  two  field-effect  transistocs  by  the  silicon  diodes 
KD503B,  shunted  by  the  capaciti es/capacitances  cf  200  pF  which  serve 
for  accelerating  th9  changeover.  Inis  diagraa  of  control  of 
keys/wrenches  safes  it  possible  to  support  at  the  gate  of  the  open 
transistor  zero  potential  relative  to  source  (acde/conditions  with 
the  floating  gate). 


The  voltage  drop,  vhich  appears  because  the  currents  cf  the 
gates  of  the  closed  transistors  in  ether  channels  f low/ ccc ur/last 
ever  the  triggered  key/trench,  sakss  the  accuracy  worse  of 
aeasureaent,  but  with  the  identical  iapedanccs  cf  the  pair  cf 
keys/wrenches  in  the  opec  state  aid  identical  currents  of  gate  occurs 
the  conpensation  for  these  vcltages.  Therefore  field-effect 
transistors  were  selected  into  the  pairs  with  the  identical 
ispedances  in  the  opec  state  ard  identical  currents  of  gates.  The 
selected  transistors  have  the  fcllcwing  characteristics:  the  current 
of  gate  in  the  closed  state  is  not  sore  than  10”*  A,  the  ispcdance  cf 
key/wrench  in  the  open  state  is  not  sore  than  3  kilooha,  in  that 
closed  -  not  less  than  1C*°  ohas.  The  sysaetry  cf  the  diagraa  of 
coaautator  decreases  the  cophasal  focusing/induction  froa  the 
cetwork/grid.  For  decreasing  the  ccaautation  interferences  is 
provided  for  the  channel,  which  short-circuits  the  entrance  cf 
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amplifier  at  the  moment  cf  changeover  on  20C0  ms.  The  assembly  of 
commutator  is  produced  cn  the  glass,  Textolite  and  teflcn  for  the 
except  ion/e limination  cl  leakages. 

The  temperature  drift  of  difference  emf,  which  appears  due  to 
the  imbalance  of  the  cczxents  of  gates  atd  icpedances  of 
keys/wrenches,  is  equal  to  0.1-1  ^/°C  in  the  working  temperature 
range  of  10-30°C. 

Scale  dc  amplifier  is  carried  out  on  the  diagram 
"acdulator-amplifier-deacduiatax"  with  the  transformation  of  signal 
cn  the  field-effect  transistors  KF102Y«.  The  use/application  cf 
field-effect  transistors  in  the  modulator  made  it  possible  to  obtain 
small  temperature  (-2  pV/° C)  and  time/temporary  (-6  mV  in  8  hour)  cf 
the  zero  drift  amplifiers.  For  obtaining  the  high  input  resistance 
(this  is  necessary,  sirce  the  triggered  key/wrench  on  the 
field-effect  transistor  it  has  comparatively  high  impedance)  and 
stable  amplifier  gain  is  included  by  the  crossed  feedback  (Fig.  4) . 
This  feedback  proved  tc  ie  possible  because  of  the  fact  that  the 
entrance  of  amplifier  balance  (weakening  the  ccphasal  signal  cf 
amplifier  without  the  feedback  120  dB)  and  source  cf  signal  was  not 
grounded.  Amplifier  is  balanced  in  such  a  way  ttat  input  resistance 
is  equal  to  30  HQ.  The  instability  of  amplification  factor  ie  the 
working  temperature  races  is  net  acre  3«10~*.  lime  constant  of 
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amplifier  on  the  order  c t  1  ps. 

For  decreasing  the  electxc aagaetic  focusicg/induct ion  the 
conductors,  that  connect  the  hail  pickups  with  the  amplifier,  are 
interwoven,  and  entire/all  dragraa  is  shielded.  Focusing  level,  led 
to  the  entrance  of  aapliiiar,  is  1C-30  pV,  hut  its  effect  decreases 
because  the  starting/la unching  cf  digital  vcltaeter  is  synchronized 
with  the  network/grid. 

The  aeasured  by  vcitaeter  V2-22  voltage  in  the  fern  of  the 
parallel  binary  decieal  code  enters  the  converter  of  the  code  which 
trans corns  the  code  intc  the  parallel-series  fee  the  transaissaon  in 
BOZO  [core  storage]  cf  ccaputer.  Duration  cf  transaission  cf 

cne  nuaeral  in  the  fcra  cr  the  hive-digit  parallel  code  -  60  ps.  Fcr 
the  setup  and  gauging  terks  is  provided  for  the  work  for  perforator 
PP-20.  Purtheraore,  is  pcssifil*  the  recording  cf  the  results  cf 
aeasureaent  for  the  tape  recording  strip/fila.  kith  the  work  directly 
cn  conputecs  (without  the  aagnetic  recorder)  Is  provided  for  the 
possibility  of  using  the  teletype  channel  cf  ccaputecs  tor  data  input 
into  the  aachine,  the  ccitrcls  cf  the  pregraa  cf  processing 
aeasureaents  and  operational  ottaaning  of  inferaatien  about  the 
course  of  aeasureaents. 


The  autoeatic  cycle  of  eeasureaents  in  ere  section  of 
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electroaagnet  includes  the  recording  of  zero  cf  aaplifier  upon  the 
shortened/shorted  out  ectrance,  consecutive  reguest  cf  12  sensors, 
testing  the  aaplifier  gain  and  cuixent  of  sensors,  control  of  the 
teaperature  of  sensor  ciit,  recording  of  the  value  cf  the  current  of 
elect roaagnet.  Control  cf  chancels  and  digital  voltneter 
accoa plishes/realizes  a  prcgraaser.  The  beginning  of  cycle  is 
deterained  by  synchronizing  pulse  froa  the  sensor  of  longitudinal 


coordinate 


Kay:  (1).  Input.  (2).  Output  to  digital  voltaeter. 


Fig.  5.  Teaporary/tiae  perforaance  record  o £  systea  with  fraguancy  of 
25  Hz  z  1  -  powar  line  SO  Hz;  2  -  perfcraance  record  of  digital 
voltaeter,  a)  tiae  of  acasuzeaent,  b)  storage  tiae  cf  aaasurad 
voltage;  3  -  trigger  poise  of  cycle  of  aeasurcaents ;  4  -  diagraa  of 
changeover  of  channels ,  *fi  ”  tiae,  during  which  is  connected  first 
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channel  Ta  -  tiae  when  is  connected  second  channel  and  so  forth;  5  - 
trigger  pulses  of  voltaeter;  6  -  trigger  pulses  cf  code  converter. 

Page  152. 

The  tiae  of  one  aeasureaent  is  equal  to  40  ^s,  the  tiae  of 
■easureaent  in  one  secticn  (l.e.  the  duraticn  of  cycle)  *  640  as. 
Heasureaent  is  aade  without  the  cassation  of  the  senscr  unit  which 
passes  the  path  with  a  length  cl  0.5  cm  in  the  ccsplete  cycle.  Fig.  5 
shows  the  tiae  perforaance  record  cf  systea  with  the  frequency  of  25 
Hz.  The  work  of  systea  is  synchronized  with  the  frequency  cf  power 
line,  ire  provided  fer  the  tcdes/ccnditicns  cf  external  aanual  and 
autoaatic  starting/launching,  it  the  aoaent  of  the  beginning  of  cycle 
in  the  coaputers  is  sect  the  value  of  the  cccrdicate  cf  senscr  unit. 

Before  beginning  the  aeasureaents  by  the  fclcck  of  initial  data 
in  the  coaputers  are  sect  following  data:  the  standard  code,  which 
indicates  the  beginning  cf  next  aeasureaent;  the  nuaber  of 
aeasureaent;  the  nuaber  cf  aagnet;  the  date  of  aeasureaent;  the 
cipher  of  the  operator,  which  generates  aeasureaents;  stand-by 
inf or nation. 

Because  of  the  f act (that  during  the  cycle  cf  aeasureaents  in  one 


section  of  electronagnet  in  the  coaputers  will  be  brought  in  values 
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cf  zero  and  aaplifier  gain,  and  also  current  cf  the  Hall  pickups, 
significantly  descend  rcguixeaents  for  the  lasting  stability  of  these 
paraaeters. 

Resultant  error  in  th as  isasuring  systea  dees  net  exceed 
♦.(3-5)  •  10“*. 
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44.  Poraation  of  rectangular  currant  pulses  in  the  iapact  aagnet  with 
the  coaplex  input  resistance  duiacg  the  ose  cf  artificial  line. 

I.  Yu •  Beneskiriptov ,  £ .  a.  glistevskiy,  B.  A.  Larionov. 

(Scientific  research  irstitute  cf  the  electrophysical  equipment  ia. 

C.  v.  Efreaov)  . 

Conducting  a  whole  secies  cf  sxperiaents  on  the  conteaporary 
accelerators  requires  the  creation  of  the  systeas  of  the  pulse 
coaautation  of  the  beans,  which  ensure  the  highly  efficient 
conclusion/output  of  pact  or  satire  accelerated  beaa.  one  of  the 
basic  eleaents  of  this  systea  is  the  iapact  aagnet  which  provides  the 
necessary  angular  deflection  of  beaa,  aoreover  field  in  aagnet 
epening  for  the  effectiveness  of  ccnclusion/output  IQQo/o  aust  build 
up  to  the  noainal  value  ides  zeze  for  the  tine  saaller  than  the 
tiae/teaporary  interval  between  adjacent  bunches,  i.e.,  for  the  tiae 
cf  order  10-7  s,  fer  the  duratr.cn  cf  pulse  -5 •  1 C s. 

In  known  systeas  [1,  2]  as  the  kicker  is  used  the  aagnet,  which 
is  delay  line  with  the  itpeuance,  equal  to  the  iapedance  of  the 
focaing  line.  ?or  the  tcraaticn  cf  trailing  edge  cf  pulse  in  the 
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diagraas  indicated  is  ctiliscd  the  special  discharger/gap,  which 
short-circuits  the  entxarce  c t  the  traasiitticg  cable  directly  before 
the  terainaticn  of  iap clse/acaentua/pulse  frca  the  fcraing  line. 

In  spite  of  siaplicity  ct  the  diagraa  cf  fcraation  and  good 
paraaeters  of  the  fora«C/shaped  lapulse/acaentua/pulse,  diagraa  with 
the  aagnet  of  the  type  cf  delay  line  has  a  ouaber  of  the 
def ic fancies/ lacks ,  basic  frca  khich  is  the  excessive 
structural/design  coap laxity  cf  aagnet,  especially  during  the 
low-resistance  perfotaaace. 

Considerably  siapler  by  the  ccnstruction/design  is  a  aagnet  of 
the  type  of  the  leaped  ixductance  which  was  fer  the  first  tiae  used 
in  the  systea  of  rapid  ccaclusicn/cotput  in  Etcckhaven  [3],  However, 
in  the  proposed  in  Brockhaven  diagraa  of  foraaticn  the  paraaeters  of 
the  iapulse/aoaentua/pclsa,  feraed  in  the  aageet,  are  considerably 
inferior  to  the  analcgccs  diagraas  of  foraaticn  during  the  use  in 
then  of  a  aagnet  of  the  type  cf  delay  line.  Purtheraore,  this  diagraa 
does  not  provide  the  possibility  cf  the  foraaticn  of  trailing  edge  of 
pulse. 


The  deficienciea/lacks  indicated  arc  reaeved  in  the  diagraa. 


shown  in  Pig.  1 
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3y  the  correct  selectico  of  corrective  capacity/capacitance  Ck 
it  is  possible  to  obtain  with  the  permissible  ejection  at  the  palse 
apex  hi  leading  iapalse  front  *9  not  worse  than  daring  the  use  of  a 
•agnet  of  the  type  of  delay  line. 


?or  the  diagraa  in  fig.  1  the  leading  iapalse  front  of  current 

in  the  inductance  is  determined  by  the  expression: 

2tt' 


where 


).< 


1 1 


T'-BhCw 


but  the  relative  ejecticr  of  the  current  above  conservative  value 


~  is  found  froa  the  egcaticn: 


W 


Page  153. 


For  the  assigned  aagnitude  cf  ejection  ~  the  necessary  value 
of  the  corrective  capacity/capacitance  and  the  corresponding  rise 
tiae  can  be  found  froa  tie  gsaph/ccrve,  obtained  according  to 
foraulas  (1)  and  (2)  for  the  nest  interesting  range  cf  values 
and  %  (see  Pig.  2).  In  principle,  if  line  (Fig.  1)  ferns 
syaaetrical  square  pulse,  then  trcct/leading  and  trailing  edges  of 
pulse  of  current  in  aacact  LM  will  be  equal.  However,  the  real 
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shapers  -  artificial  line  or  distributed-paraaete r  line  due  to  the 
presence  of  ohnic  losses  tors/shape  the  iapulse/scuentus/pulse  whose 
trailing  edge  is  considerably  werse  than  the  f rent/ leading. 

In  connection  with  this  for  the  forsaticn  cf  trailing  edge  of 
pulse  into  the  diagras  is  introduced  the  shcrt-citcuiting 
discharger/gap  K,  with  sene  a- connected  with  it  Inductance  L«#  which 
represents  by  itself  several  ferrite  rings,  put  cn  to  the  lower 
electrode  of  discharger/ gap.  Sizes/diaensions  and  brand  of  ferrite 
rings  are  selected  so  that  the  current  of  saturation  of  ferrite  would 
coapose  5-l0o/o  of  the  tasic  currant,  and  the  current  cf  the  ignition 
cf  discharger/gap  aust  ecaewhat  exceed  this  value.  Inductance  Lz  in 
the  unsaturated  state  Is  selected  agual  to  (5-8)  lm  During  the 
supplying  to  the  lower  clearance  of  discharger/gap  k3  of  the  igniting 
iapulse/aoaentua/pulse  inductance  lz  is  saturated  also  with  the 
subsequent  breakdown  of  the  basic  discharge  gap  of  disebarger/gap  K, 
the  foraing  line  short,  tp  to  the  aoaent /torque  of  the  arrival  of  the 
echo  signal  (tiae  is  deterained  by  the  length  of  the  transaittlng 
cable  and  it  is  usually  C.5-1.Q  */a)  current  in  discharger/gap  K,  is 
close  to  zero,  inductance  Lz  is  in  unsaturated  state,  the  input 
resistance  of  circuit  Rjl*  is  great  in  ccaparisoa  with  the  input 
resistance  of  the  foraing  line  and  the  attached  echo  pulse,  after 
passing  the  foraing  line,  is  absorbed  by  iapedance  of  R(. 
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Pig.  1.  Diagraa  of  (creation  with  the  absorbing  inductance  in  the 
circuit  of  the  short-circuiting  discharger/gap.  LC  -  cell  of  the 
foraing  line;  K t  -  basic  discharge r/gap;  Kz  -  discharge c/gap ,  which 
controls  the  pulse  duration;  -  short-circuiting  discharge r/gap;  L 
-  saturating  inductance  in  the  circuit  of  discharger/gap  K3;  ll#  C1# 
B*  -  aanaging  cell;  Hj  acd  «„  -  absorbing  and  lead  resistance;  c* 

corrective  capacity/capacitance;  tN  -  iapact  aagnet. 
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Fig.  2.  Graph/diagraa  c t  dependence  of  selection  (1)  and  pulse  «dg« 
(2)  on  value  of  correctiva  capaciti/capacitance. 
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c£  discharger/gap.  Scale  is  the  xethod  of  the  tiae  cf  50  ns. 

Eage  154. 

The  conducted  theoretical  and  experiaental  investigations  shoved 
that  with  value  indicated  accve  of  inductance  l2  and  trailing  edge  of 
pulse  frca  the  forming  line,  which  does  not  exceed  the  dual  delay 
tiae  of  the  transaitticc  cable,  the  echo  signal  in  aagnet  -ic/o  of 
the  basis,  while  in  the  diagiaa  without  inductance  L2  the  echo  signal 
reaches  value  40o/o  free  the  basis.  The  systea  described  above  was 
virtually  realized  in  connection  with  the  developaent  of  the  systea 
cf  the  rapid  output  of  channel  E  ter  the  accelerator  IFVE. 

Diagram  is  calculated  for  the  following  parameters:  working 
voltage  50  kv,  the  iap«cence  cf  the  foraing  line  -  4  chas.  currents 
in  the  aagnet  6.25* 10s  A ,  pulse  edges  -  150  os.  The  foraing  line 
consists  of  40  cells.  The  capacitor  of  cell  is  foraed  by  18 
series-ccnnected  secticrc.  by  which  are  the  capacitors  IH-50-3  with 
the  changed  constructicn/design  cf  conclusicn/cutput .  Stray 
inductance  of  the  capacity/capacitance  of  the  cell  cf  order  8«10-*  B 
with  the  inductance  of  ceil  0.6«1C~*  H.  In  the  uncaging  cell  ltCtB2 
are  used  the  capacitors  cf  the  type  K7I-3. 


As  the  commutating  cleaents/cells  Kt,  K2  and  K3  are  utilized  the 
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coaxial  controlled  4-cha  dischax gars/gaps,  which  work  on  tha 
coapressed  gas.  Tiaa  jittax  ot  activation  of  dischargers/gaps  is  net 
worsa  than  +.10  ns. 


Fig.  3  gives  tha  cscillograa  of  tha  voltaga  pulse  froa  the 
foraing  line,  while  cn  tag.  4  axe  5  -  current  pulse  in  aagnet  1M 
with  the  inductance  in  the  circuit  of  discharger/gap  K3  and  without 
it. 


As  can  be  seen  frea  tha  given  oscillograas,  introduction  to  the 
diagraa  of  inductance  la  virtually  reaoves  the  echo  pulses  in  iapact 
■agnat  L*. 

DEFERENCES 

1.  H.  Van  Breugel,  j.  Gem,  E.  Kuiper.  Pulse  generators  for  delay 
line  deflectors,  NPA/II3,  65-26,  1565. 

2.  B.  Kuiper,  S.  Milner.  Ihe  new  "Bare"  kicker  aagnet  of  the  CPS 
fast  ejection  systea.  MA/IAl,  £7-  10,  1967. 

3.  E. B. Forsyth,  C.  iasky.  Ike  fast  Bcaa  extraction  systea  of  the 
Alternating  Gradient  Synchrotron.  s  Y,  Bn  91C  (5-J75 )  Opton,  1965. 


DCC  =  80069212  PACE  jfr  A 

45.  Magnetic  oscillatcr  for  the  formation  of  pcwerf ul/thick 
rectangular  current  pa  lacs  in  tie  inductance. 

N.  A.  Monoszon,  B.  K.  fatnikev,  1.  a.  Stclov. 

(Scientific  research  irstitute  cf  the  electrophysical  equipment  in. 

C.  v.  Efremov)  . 

Por  the  rapid  conclcsrcn/cctput  of  the  part  cf  the  beam  from  the 
synchrotron  is  required  the  lmpolse/monentua/pulse  cf  magnetic  field 
with  the  fronts,  which  dc  not  exceed  the  time/temporary  gap/interval 
between  bunches  of  particles,  tic  stepped  diagram  of  beam  extraction 
[1]  allowing/assuming  the  oscillations  of  field  in  the  worker  of  that 
■agnet  to  £5o/o  of  the  amplitude  of  pulse  [2]. 

◦na  of  the  possible  sclcticns  of  stated  problem  is  described  in 
[3],  where  for  the  impulse  shaping  with  the  steep/abrupt  decrease  in 
the  impact  magnet  of  the  type  cf  delay  line  is  utilized  artificial 
line  with  the  short-circuiting  cischargex/gap.  he  waver,  with  this 
sethod  of  the  formation  ct  square  pulses  supply  voltage  is  twice 
higher  than  the  voltage,  applied  tc  the  magnet.  Purtbmrmorc,  magnet 
is  very  complicated  ccrstrnctici/dcsign.  Therefore  continues  the 
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search  of  the  solutions*  which  sake  it  possible  to  utilize  an  ispact 
■agnet  of  the  type  of  inductance. 

The  foreation  of  rectangular  current  pulses  in  the  inductance  cn 
the  basis  of  the  use  of  nonlinear  properties  cf  ferroeagnetic 
square-loop  aaterials  cf  hysteresis  makes  it  possible  to  decrease 
supply  voltage,  to  siaplify  the  systea  of  rapid  ccnclusion/output 
and,  therefore,  to  raise  its  reliability. 

Simplest  diagram  vith  the  ccnlinear  eleeents/cells  is  the 
oscillatory  circuit  in  wbaca  tfce  capacitcr  cf  capacity/capacitance  C0 
is  discharged  for  inductive  load  IM  through  the  chcke/thrcttle, 
■agnetized  by  currant  I l3-la*a/ Mt ,  where  N,  -  number  of  turns  of 
inducing  winding  of  chckc/thxottie ,  1 2s2  -  aepere  turns  of  control 
winding,  and  sign  "minus"  shows  that  the  current  of  aagnetic  biasing 
in  the  direction  is  opposite  tc  current  in  the  working  circuit.  If 
the  toroidal  core  of  ctcke/thrcttlc  is  prepared  froa  the 
ferroaagnetic  square-lcc p  aatecial  of  hysteresis  and  current  It  much 
more  than  saturation  c extent  tnen  in  the  working  current  circuit 
will  build  up  to  the  acicnt/torgue  of  tiae  t9,  beginning  froa  which 
choke/throttle  it  is  reversed  eegnetisa.  Kith  the  partial  aagnetic 
reversal  of  choke/throttle  will  be  shaped  rectangular 
iapulse/aomentua/pulse  with  the  duration  of  plateau  x  =*2C0Uc/I, , 
where  uc  -  voltage  across  capacitcr  at  the  icaent  cf  tiae  The 
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condition  of  the  partial  aaqnetic  reversal  of  choke /throttle  can  be 
presented  in  the  fora  I,LM  'tnfl/tis<=  8N,s  Bs,  where  £  -  section  of  core. 

8s  -  saturation  induction,  and  the  amplitude  of  oscillation  of 
current  in  plateau  of  lap ulse/acaeatua/pulse  to  deteraine  according 
to  foraula  At  a  u^c^/L,,,  ,  waere  C3  -  equivalent  capacity/capacitance 
cf  choke/throttle.  Data  cf  reiaticnship/ratic  are  valid  when 
ferroaagnetic  aaterial  corresponds  to  the  selected  operating 
frequency  of  oscillations  fp  *  i/i3txjc3LM  . 

Page  155. 


Diagraa  with  one  ncrlineac  choke/throttle  provides  oscillating 
process  with  the  square  pulse  for  the  required  positive  half-wave  cf 
current  and  sinuscidal  fcra  for  the  negative  half-wave.  For  the 
foraation  of  single  square  pulses  it  is  necessary  that  the  negative 
half-wave  of  current  would  act  pass  through  inductive  load  LM  and 
its  energy  would  be  absorbed  cn  effective  resistance  of  B.  This  task 
can  be  solved,  if  load  is  separated/liberated  with  the  aid  of  the 
sagnetized  peak  transfczaer  IT.  ia  priaary  circuit  cf  which  is 
connected  the  attenuating  choke/ throttle . 

Fig.  1  gives  the  scheeatic  diagraa  cf  the  generation  of  single 
rectangular  current  pulses  ia  the  inductance.  It  this  diagraa 
chokes/throttles  Lt  and  are  intended  for  the  foraation  of  the 


DOC  =*  30069212 


FIGS  <kT 


flat/plane  part  of  the  current  pulse  of  the  necessary  aaplitude. 
Choke/throttle  L3  serves  fee  the  reduction  cf  the  aeplitude  cf  the 
current  of  negative  polarity  m  the  load  to  the  value,  which  does  not 
exceed  the  saturation  current  or  cnoke/t hrottle  L3.  The  attenuating 
choke/throttle  L«,  which  saoctha  oscillations  in  plateau  of 
iapulse/aonentua/pulse,  {lays  the  role  of  tilt  key.  The 
inpulse/aoaentua/pulse  cf  positive  polarity  is  passed  in  essence 
through  the  saturated  ctcxe/thrcttle  L«#  and  negative  polarity  - 
through  resistance  of  S.  Cable  is  intended  in  erder  to  reaovc  the 
serviced  discharger/ gap  Irca  the  zene  of  radiation. 

Throttle  control  is  acccaplished/realized  free  two  power 
supplies.  Low-power  direct-current  circuit  supports  cores  in  the 
saturated  state.  Powerful/thick  pulsing  circuit  creates  the  current 
cf  sinusoidal  fora  whose  duration  is  deterained  by  the  peraissible 
change  in  the  current  at  the  pulse  apex  in  the  tiae  interval  for 
shaping  right-angled  of  operating  pulse,  capacitor  tank  of  the 
pulsing  circuit  of  contrcl  is  isolated  by  high  frequency  froa  the 
control  windings  of  chc kes/thrcttles  Lt  and  L*  with  the  aid  cf  the 
transforaer  whose  aagnetic  circuit  is  collected  froa  iron.  In  the 
control  circuits  are  alec  connected  the  chokes/tbrottles  cf  the 
decoupling  of  contours/ccclmes  Lp,  and  LPJ. 

For  decreasing  the  value  cf  the  equivalent  capacit y/capecitance 
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cf  transforner  IT  is  preferable  the  construction/design,  which  has 
two  one-layers  winding  rroa  tha  flat/ plane  busbar/tire* 
ar ran gad/ located  abova  aach  ether.  For  tha  given  constructicn/design 
cf  windings  equivalent  capacity/capacitance  will  ba  C3*  c,j-*-c10> 
where  Ct2  -  capacity/capacitance  between  tha  windings*  and  Cl0  - 
capacity/capacitanca  between  the  winding  and  the  core.  The 
capacity/capacitanca  between  the  windings  is  equal  to  zero*  if 
transforaation  ratio  k* 1  [4],  The  capacity/capacitanca  batwaen  tha 
winding  and  tha  core  will  ha  saallest*  if  we  core  insulate  frca  the 
zero  potential  and  tc  increase  the  thickness  cf  isolation  between  the 
core  and  the  winding.  An  increase  in  the  thickness  cf 
insulation/isolation  between  the  cere  and  the  winding  leads  tc  the 
increase  of  the  inductance  of  chckcs/thrcttles  in  the  saturated  state 
and  the  corresponding  decrease  cf  the  pulse  steepness.  The 
instantaneous  value  cf  current  m  the  inductive  load  at  the  pulse 
edge  for  case  of  k*1  takes  the  ten 
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where  U„  -  charging  voltage  of  capacitor;  p  -  wave  iapedance  cf  the 
transeitting  cable;  ^"-L/Coj^.T-L/p.L-L^+L^.L^  -  total  inductance  of 

the  saturated  chokes/tbrcttles ,  scattering  cf  transformer*  etc.  when 
7,?o,4i  the  current  will  achieve  value  0o/p,  agaal  to  the  current  of 
cutoff  (nagnetic  tiasirg)  i2  cf  chcke/throttle  L*  fer  tine  t**  L/p 
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The  experimental  investigations  of  oscillating  processes  in  the 
contours/outlines  with  the  nonlinear  elenents/cells  were  conducted 
for  the  diagrae  without  the  attenuating  choke/ throttle.  As  the 
toroidal  cores  of  chokcs/throttles  and  peak  transformer  was  utilized 
the  ferrite  100NH.  The  aizes/diaensions  cf  cere  were 
03O*<p 5rt *12,5  mm.  Inducing  windings  had  6  turns. 

Circuit  parameters  following:  co=0.  1  pP;  D0*3.5  kV;  L*4  pH; 

L*,*  2,8  pH;  p= 5  ohm  (length  of  cable  40  a);  I1-300  A;  l2  =  285  A; 

Is-  is  A,  aeasuring  resistances  in  the  primary  and  secondary  IT 
respectively  0.155  and  C.14Q  ohms. 

Pig.  2  gives  the  current  oscillograms  in  the  primary  circuit  IT 
and  in  inductive  lead  LM 


f  » 
\ 


J 


I 
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Pig.  2.  Currant  oscillcgraas  in  inductive  Iced  (a)  and  in  priaary 
circuit  of  peak  transformer  (b) . 


Page  156 
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the  paisa  duration  in  tie  inductive  load  (Pig.  2a)  for  tba  given 
paraaatars  of  circuit  -2.5  j.c,  in  this  casa  leading  adge  composed  250 
cs  and  drop  of  current  5C0  ns. 


An  increase  in  the  decay  tiae  in  the  currant  in  ccapariacn  with 
rise  tine  is  explained  ty  energy  losses  in  aeasnring  resistances, 
transmitting  cable  and  ferromagnetic  cores.  Cscillaticns  in  plateau 
cf  iapulse/moaentum/pulse  in  the  inductive  lead  did  not  exceed  £.50/0. 
The  small  flat  ejection  of  ccrrent  in  plateau  cf 

impulse/ semen tum/pulse  in  the  primary  circuit  IT  (Pig.  2b)  is  caused 
by  the  f u 11/total/co mp late  magnetic  reversal  cf  the  cocas  of 
chokes/throttles  L »  anc  I*. 
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46.  Special  f  aatures/pcculiadties  of  the  ccnstructioo  of  the 
power-supply  system  of  the  electromagnet  of  the  rapid  booster  of 
proton  synchrotron. 

c.  A.  Gusev,  A.  I.  Konstantinov,  A.  G.  Roshal',  ? -  n.  Spevakov,  A.  a. 
Stolov,  A.  A.  Tunkin. 

(Scientific  research  iratrtute  cf  the  electrcphysical  equipeent  is. 

C.  v.  Efremov) . 

A  comparatively  stall  supply  cf  aagnetic  energy  cf  the 
electroaagnet  of  rapid  tcoster  acd  the  considerable  power  of  its 
power-supply  system  determine  the  advisability  cf  use/applicaticn  for 
the  targets  of  the  diagrams  in  question,  in  which  occurs  the  energy 
exchange  between  capacitor  bask  and  electromagnet.  Diagrams  cf  this 
type  had  extensive  application  and  steels  by  conventional  for  the 
power-supply  systems  of  electrode  synchrotrons.  However,  during  the 
direct  use  of  the  techcical  solutions,  used  in  these  diagrams,  for 
the  power-supply  systems  o£  rapid  booster  is  cot  considered  the 
series/cow  of  the  special  f eatuzes/peculiaritles  of  its  work  as 
injector-accelerator,  is  is  known,  during  the  use/application  of  a 
rapid  booster  the  duration  of  injection  occupies  the  essential  part 
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cf  the  operating  cycle  cf  aain  accelerator.  Fcr  shortening  of  the 
duration  of  injection  it  occupies  the  essential  part  of  the  operating 
cycle  of  aain  accelerator,  fcr  shortening  of  the  duration  of 
injection  it  is  expedient  to  increase  the  frequency  cf  the  ucrJc  of 
boost ar,  which  is  liaited  rirst  cf  all  by  the  difficulties  cf  the 
realization  of  power fu 1/thrc k  nigh-frequency  accelerating  systea  at  a 
high  speed  of  the  rearrangement  cf  frequency.  Certain  coaproaise 
between  these  two  facts  can  be  achieved/reached  during  the 
appropriate  construction  cf  the  power-supply  systea  cf  the 
elect roaagnet  of  booster. 

In  the  generally  accepted  rescnance  power-supply  systees  of  the 
electromagnets  of  accelerators  the  curve  of  a  change  cf  the  magnetic 
field  has  syaaetrical  term,  aa  a  result  cf  which 
approxiaately/exeaplarily  the  half  the  bccster  duration  is 
nonoperative,  in  connection  with  this  it  is  expedient  to  create 
systea  with  the  asyaaetric  fora  cf  curve  with  the  increased  duration 
cf  the  section  of  the  increase  ci  field  and  the  reduced  duration  of 
decrease,  and  also  with  the  leecing  edge,  which  has  cn  a  large  part 
it  the  section,  close  tc  the  liseax.  with  this  fore  cf  curve  in 
coaparison  with  the  syaaetrical  car  be  abbreviated/reduced  the 
duration  of  injection  without  an  increase  in  the  aaxiaua  power  of 
systea  of  hf  acceleraticr  cx  with  the 

retention/presarvation/aaintainlng  of  the  tise  cf  injection  are 
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facilitated  the  requiresents  fee  the  system  cf  hf  acceleration. 

In  the  principle  the  asymmetric  fora  of  the  carve  of  a  change  of 
the  magnetic  field  can  he  obtained  by  differert  aetheds,  including 
during  the  use  of  capacitors  as  the  source  cf  reactive  power  by  aeans 
cf  the  coaautaticn  of  current  h >  the  controlled  valves/gates  in  the 
circuit  cf  electromagnet  or  the  ose/applicaticn  of  aultifreguency 
resonant  circuit,  in  which  the  inductance  cf  electrcaagnet  enters  as 
cne  of  the  eleaents/cells  of  this  contcur/cutline .  Fig.  1  shows  soae 
versions  of  diagraas  with  the  ccaautation  of  circuital  current  of 
electromagnet,  A  def iclcccy/lact  it  these  diagraas  is  the  need  for 
use/application  in  pewex  circuits  cf  the  power-supply  system  of  a 
large  quantity  of  power  controlled  valves/gates  with  the  total  power, 
which  exceeds  the  reactive  power  cf  power-supply  system,  which  with 
the  general/comaon/total  complication  and  the  rise  in  price  ct  systea 
reduces  the  reliability  cf  the  work  cf  setting  up. 

More  advisable  is  the  diagraa  with  aultifreguency  resonant 
circuit,  in  which  the  desirable  fere  of  the  curve  of  the  current  of 
elect roeagnet  is  created  by  the  appropriate  selection  of  rescnance 
frequencies  and  by  excitatica  in  the  contour/cutline  of  oscillations 
with  the  prescribed/assigned  aaplitudes  and  by  phases  for  each 
frequency.  As  an  exaaple  Fig.  2  shews  sose  versions  cf  the  scheaatica 
cf  three-  and  tvo-fregoercy  reecnert  circuits  cf  the  power-supply 
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systea s  of  electroaagnet.  Ic  is  possible  to  show  that  during  the  use 
cf  a  coaparatively  siaple  t wc-rreguency  contour /out line,  adjusted 
into  tha  rasonanca  for  tha  fundaaantal  and  double  frequency,  can  ba 
cbtainad  an  essential  iiprcveeeEt  in  the  f cr *  cf  the  curve  of  a 
change  in  the  aagnetic  field. 

Cage  1S7. 

Thus,  with  the  voltage  cn  tha  electromagnet ,  which  has  the  fcra 

U  -  u0(cos  U)t  -  0,3  COS  2u>t ), 

the  laxiaua  speed  of  the  increase  cf  aagnetic  field  decreases  l.as 
tiaas  in  comparison  with  the  sine  voltage  of  fundaaantal  frequency 
with  the  same  amplitude  cf  tha  magnetic  field  of  the  alectroaagnat 
(sea  Fig.  3) . 

For  tha  diagraa  tha  supplies  with  t wo-f requency  resonant  circuit 
(Fig.  2a)  of  resonance  condition  can  be  written  in  the  fora 

J_  _a _ 1_  __L 

C,  &-1  C,  P  ’ 

1  ^  2a  1  ^  1 

2C,  4a- 1  C4  “T  ’ 

where 

a  -  w4L,C*  ,  ■ 

Bguation a  contain  three  paxaaetars  Cl#  C ,  and  a,  which  gives  tha 
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possibility  to  optimize  systss  according  to  the  conditions  of  the 
ainiaua  of  reactive  Fewer  ci  capacitor  banks.  Solution  to  the  systea 
cf  systea  gives 

4a’  c2“  P  (a-i)(4a-t) 

The  liaits  of  possible  values  a  are  deterained  by  condition  0.25<a<l. 
The  corresponding  calculaticns  according  to  the  conditions  of  the 
ainiaua  of  reactive  power  of  capacitor  banks  determine  optiaua  value 
ouorrr=  o,3.  The  realization  of  diagram  with  the  t vc-f reguency 
contour/outline  with  the  optiaua  celationships/ratics  of  the 
paraaeters  requires  an  increase  of  the  reactive  power  cf  battery  1.54 
tiaes  in  comparison  with  the  single- frequency  contour/outline,  which 
is  technically  justified  in  ccnnection  with  an  increase  in  the 
effectiveness  in  the  weri  cf  systea. 

For  the  presentincs  between  aaplitudes  and  phases  of  the 
oscillations  of  haraonic  components  can  be  used  beth  impulse  circuits 
the  supplies  of  active  pevex  and  special  invectec.  In  the  fixst  case 
is  nacessary  the  generation  cf  twe  systems  cf  the 
lapulses/aoaenta/FUlses,  shifted  in  the  tiae  in  such  a  way,  that 
would  be  the  aost  sepazate  pcssitla  regulating  cf  aaplitudes  and 
phases  of  each  haraonic  cx  supply  cf  contour/cutline 
iapulses/acaenta/pulses  in  two  different  sections  of  diagcaa.  During 
the  use/application  cf  as  inverter  the  lattcc  aust  provide  vcltage 
with  the  necessary  ccipcsiticc  cf  frequencies,  that  can  be 
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achia ved/reached,  n  with  th«  aid  o r  asyaaetric  output  transfcraer  c£ 
inverter  and  ccrraspondir g  Kilter. 

Cne  of  the  special  features/peculiarities  cf  the  pcwer-supply 
systea  of  the  electrcaag ret  of  booster  is  also  the  possibility  of 
applying  an  alliteratic r-sncrt- ter  a  acde  of  its  operation.  In  this 
case  can  be  obtained  essential  savings  on  the  flew  rate  of  electric 
power.  Task  this  can  be  solves  due  to  the  ccaautaticn  power  circuits 
cf  power-supply  systea  or  by  the  use/application  of  the 
sode/conditions,  during  vmch  periodically  is  excited  resonant 
circuit  before  beginnitg  infection  and  is  de-energized  in  the 
interval  between  the  operating  poises.  The  first  aethed,  apparently, 
is  not  advisable  due  tc  the  decrease  of  the  reliability  of  systea, 
but  in  the  second  case  bvccacs  ccaplicated  the  task  cf  guaranteeing 
high  stability  of  aaplitcde  and  fora  of  a  charge  cf  the  aagnetic 
field  in  the  period  of  ujgecticr. 
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Fig.  1.  Schematic  diagraa  of  auffly  with  th«  co natation  of 
capacitias/capacitancaa. 


Kay:  (1).  To  tha  powct  supply. 


DOC  «  90069212 


PACE 


ur  - 


fig.  2.  Equivalent  reactance  diagrams,  a.  b)  tvo-frequeocy  ayatea;  c) 
three- frequency  ayatea. 


Fig.  J.  curves  of  alternating  carrant  coeponect  and  voltage  of  aagnet 
binding  with  tvo-fregaeacy  aepflj. 


DOC  a  30069212 


(1C£ 


I 


Page  158. 

The  analysis  of  the  transient  processes  of  exciting  resonant  circuit 
showed  the  possibility  cf  the  realization  of  interaittent  service 
during  which  the  ohnic  losses  decrease  appccxiaately  doubly*  with  an 
insignificant  increase  in  the  cost/value  of  pcwer  equipment,  and 
siaultaneously  is  provided  the  tecessary  stability  cf 
aode/conditions.  For  decreasing  the  effect  of  delay*  introduced  by 
the  systea  of  active  pcwer*  on  the  building  up  of  oscillations  in  the 
contour/outline  is  provided  tor  the  special  acde/conditions*  during 
which  occurs  preliainaxj  energy  stcrage  in  its  passive  eleaents/cells 
(inductance  of  the  cattcde  chc he/ throttle  of  inverter  or  the  charging 
choke  of  the  storage  capacity/capacitance  of  iapulse  circuit).  For 
foraation  cf  the  process  of  exciting  the  contcor/outline  it  is 
expedient  to  apply  prograa  contxcl  systea  with  the  appropriate 
feedback. 

Fig.  4  gives  the  curves  cf  currents  and  stresses  of  the 


j 


power-supply  systea  cf  the  electtaaagnet  of  bcoster  during  the 
interaittent  duty. 


Pig.  4.  Curves  of  current  sad  stresses  of  the  power-supply  systes  of 
•lectroaagnet  of  booster  during  the  intermittent  duty.  I  m~  - 
amplitude  of  the  altercating  current  component  in  the 
contour/outline;  ^  unK  -  current  cf  the  source  of  the  aakeup  of 
contour/outline;  -  voltage  of  the  source  cf  the  aakeup  of 

contour/outline;  vCu  -  synchronizing  pulses;  -  rise  tine  of 
iapulse/aoaentoa/pulse;  iQ  -  the  constant  ccaponent  of  current  in 
the  contour/outline;  vU(fT  -  voltage  of  the  scarce  of  direct  current 
tk  -  tise  constant  cf  ccntccr/ootline  on  the  envelope  cf 
cscillations;  -  tiae  constant  of  the  load  circuit  of  direct 

current;  -  power  of  losses  free  the  altercating  current 
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coaponent ;  %  -  power  cf  losses  free  the  constant  coaponent. 

Key:  (1).  s.  (2).  La  unc  tin  g/  star  ting.  (3).  reaaa/feet. 

Discussion. 

9.  V.  Ivashin,  ihy  you  dc  consider  that  ter  the  power-supply 
systea  of  booster  -  this  typically  pulse  setting  up  -  is  expedient 
the  use /application  of  a  continuous  power-supply  systea,  but  net 
pulse,  constructed  on  the  thyristors? 

\ .  a.  stolov.  The  sse/application  cl  continuous  systeas  is  aore 
profitable  froa  the  point  o t  vies  of  their  reliability. 


1 
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tP*.  Systea  of  forming  of  the  flat/plane  part  of  the  pulse  of  the 
aagnatic  flail  of  proton  synchrotron  IF7E. 

la.  7.  Kornakov,  7.  a.  Kofaan,  e.  S.  lyapichev,  H.  S.  Razchikova,  A. 
G.  Roshal',  P.  H.  Spevakova,  A.  B.  Stolov. 

(Sciaatlfic  rasaarch  institute  of  the  electrophequipsent  is.  D.  ?• 

Ef reaov)  . 

S. 

A.  1.  7agln,  la.  Baaa  Glukhov,  V.  F.  Kuz'ain. 

(Radio  angiaearing  institute  of  the  AS  USSR). 
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V.  V.  Pletnev,  0.  s.  Sadia. 

(Instituts  of  high-energy  physics) . 

For  the  realization  of  taa  slow  conclusion/output  of  secondary 
particles  froa  the  proton  syncorotron  on  70  GES  IFVE  was  developed 
foraation  systea  of  the  flat/plane  part  of  the  iapulse/aoaentua/pulse 
of  the  aagnetic  field  of  the  basic  electromagnet  of  accelerator. 
Shaping  of  tha  flat/plane  part  of  the  iapnlse/aoaentua/pnlse  of  the 
field  of  electroaagnet  as  accoaplished/cealized  by  a  aethod  of 
reducing  the  voltage  of  converters  due  to  the  control  of  the  firing 
angle  of  valves/gates.  la  this  case  increase  the  pulsations  of 
rectified  voltage,  for  decreasing  the  palsations  of  aagnetic  field 
was  developed  the  passive  filter,  which  ensures  the  decrease  of  the 
pulsations  of  the  voltage  of  the  fundaaental  frequency  of  converter 
approriaately/exeaplarily  50  tiaes  and  naking  it  possible  obtain 
satisfactory  transient  process  with  a  change  in  the  aodes/coaditions 
of  the  work  of  the  systea  of  the  excitation  of  electroaagnet . 

The  exaninatioa  of  the  possible  versions  of  the  execution  of  the 
systea  of  the  depression  of  pulsations  with  the  use  of  known  filter 
coaponents/links  shoved  the  inadequacy  of  their  direct 
use/application  for  stated  problea,  since  the  condition  of  the 
aperiodicity  of  transient  process  caused  the  liaitation  of  filtration 
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factor  or  considerable  power  losses  in  the  attenuating  iapedances, 
and  the  use  of  a  tuned  filter  was  unacceptable  due  to  the  large  range 
of  a  change  in  the  slip  of  the  sain  aggregates/units  of  pover~snpply 
systaa.  As  tha  solution  was  proposed  the  schenatic  of  filter, 
depicted  in  Pig.  1. 


In  this  diagran  for  ootainxng  the  necessary  transient  responses 
of  filter  with  the  liaited  losses  xn  the  attenuating  iapedance  of  B 
is  utilized  syaaetrical  buffer  capacitor  bank  Ct  whose 
capacity/capacitanca  considerably  exceeds  the  filtering 
capacity/capacitance  Ca. 


Filtration  factor  u*  for  the  diagran  in  question  can  be  written 


fora 

■OH 

■K53ESS&H 

f 

-J-  i 

R1w4C4(C,-*-Ca>1 

(RawaC^1)3 

wC1(RatljaC9+l)_ 

(D 

The  transient  process  of  changing  the  voltages  on  the  nagnet  winding 
is  deterained  by  the  roots  of  the  characteristic  equation 


P*+rF/  Lcfc?  p“  RLC,C,  (2) 

The  analysis  of  transient  process  showed  that  the  required 
characteristics  of  filter  can  oe  provided  with  the  real  roots  of 
equation  (2),  two  of  which  are  equal  to  each  other. 


L^mmm 


Pig.  1.  Block  iiagraa  of  power  circuits,  units  of  stabilization  and 
control  of  tha  syataa  of  tba  azcitation  of  tha  alactroaagnat  of 
proton  synchrotron  IF7B. 

Kay:  (1).  froa.  (2).  Blocks/aodulaa/units.  (3).  alactroaagnat.  («)  • 
Prograa  control.  (5).  Block.  (6).  sotting  up.  (7).  sansor  iap.  (8). 
starting/launching.  (9) .  froa  in  Bag. 
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In  tills  cast  tht  tnnsisnt  procsss  of  ths  establishssnt  of  voltage  os 
the  electroaagnet  upon  the  start  of  power-supply  systea  is  described 
by  the  expression 


■u0 


Ci+C, 


LC,C4  I  pa»  p(a-p) 


**-<*  .  +  2ar-aa-pr1  -at 

[otta-p")  a4(a-p) 


}■ 


(3) 


where  a  and  0  -  roots  of  equation  (2)  and  T -  . 

Connection/coaaunication  between  the  value  of  roots  a  and  0  and  the 
para* stars  of  filter  can  be  written  in  the  fore 


RCa 


1  . 
2<*+B’ 

LCa  - 


C,  2(a+pV* 
ca  ”  «  0 

i  0 


(4) 


Froe  the  conditions  of  liaiting  the  duration  of  the  transient  process 
of  the  establisheent  of  voltage  on  the  aagnet  winding  by  ties  ts25-40 
as  were  obtained  the  values  of  roots  and  on  the  basis  (4)  aad  (1) 
ware  1st  trained  the  paraaetars  of  tha  filter  1*26*1 0-*  H,  C,*2500  pF, 
Cg *150  mF,  8*6.8  ohas. 


Fig.  2  gives  the  oscillograas  of  currant  and  voltage  of 
electroaagnet  during  the  use  of  a  filter  with  the  paraaetars 
indicated.  The  start  of  filter  Bade  it  possible  to  lower  the 
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pulsations  of  the  field  of  elactroa&gnat  by  the  frequency  of  600  Hx 


to 


AH.  M 
Hmai 


a  10 


— »3 


ana  of  the  serious  proolaas,  which  appear  with  the  resolution  of 
the  task  of  reducing  the  pulsations  of  eagnatic  field,  is  the 
depression  of  Low-frequency  har sonic  coaponants  of  field,  the  caused 
by  tha  absenca  of  a  precise  synaetry  of  work  converters.  As  follows 
froa  the  oscillograe  Pig.  2d  during  the  use/application  of  the 
described  filter  the  depression  of  pulsations  600  Hz  it  proved  to  be 
so /such  considerabla  that  priaary  seaning  acquire  the  pulsations  with 
the  frequencies  substantially  lower  than  fundaaental  conversion 
frequency,  faking  into  account  the  high  value  of  the  high  degree  of 
synaatry  of  iapulsas/aoaenta/pulses,  that  control  converters  with 
shaping  of  the  flat/plane  section  of  the  iapulsa/aoneatun/pulse  of 
eagnatic  field,  was  developed  the  special  systaa  of  the  generation  of 
driving  pulses.  It  is  tae  device/aquipnent,  which  consists  of  the 
generator  of  prinary  iapulsas/aoaenta/pulses,  which  has  at  the  output 
the  united  in  one  channel  sequence  of  12  ispulsas/aoeenta/pulses  with 
the  repetition  frequency  600  a*,  control  of  stage  of  pulse  with  the 
control  is  accosplished/realized  in  one  phase-shifting 
davice/equipaant  in  the  fora  of  the  stagnation  blocking  oscillator, 
through  which  is  passed  the  sequence  of  all  12 

iapulsas/sosenta/pulses.  The  final  cascade/stage  of  dev  ice/e quipaent 

is  the  distributor  of  tha  out  of  pnase  iepulses/aosenta/pulses,  sade 
on  the  thyristor  triggers. 


30069213 


11  to  18 


Fig.  2.  Oscillograms  ot  current  and  voltage  of  aagaet  winding  upon 
the  start  of  filter  a)  the  tcansxant  process  of  the  establishment  of 
voltage  upon  the  start  of  power-supply  system;  b)  voltage  and  current 
of  electromagnet  with  shaping  of  tne  flat/plane  part  of  the 
impulse/momentua/pulse  of  magnetic  field;  c)  the  voltage  of  transient 
process  in  the  beginning  of  shaping  of  the  section  of  the  flat/plane 
part  of  the  iapu  lse/aonentum/pulse. 

Key:  (1).  Jc7.  (2).  as. 

Page  161. 
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The  use/application  of  tills  devica/equipaent  provides  tha 
aaintenance  of  tha  high  degree  of  syaaetry  of  driving  paisas  with  tha 
control.  In  this  case  tha  intervals  between  tha  igniting 
iapulsas/aoaenta/palses  are  deterainad  alaost  exclusively  by  the 
phases  of  the  pciaacy  iapulses/aoaenta/pulsas.  supplied  by  the 
voltaga  of  tha  auxiliary  generator,  connected  with  tha  shaft  of  aain 
ganerator.  As  showed  investigations,  with  tha  pulsing  of  converters 
and  deceleration  of  tha  rotation  of  a ggregatas/units  appear  the 
distortions  of  tha  voltaga  of  auxiliary  generator,  the  leading  to  the 
asynaetry  of  priaary  iapulses/aoaenta/pulsas.  For  the  liquidation  of 
the  asyaaatries  of  priaary  xapulses/noaanta /pulses  is  necessary 
talcing  special  actions. 

For  guaranteeing  the  required  high  stability  of  tha  flat/plane 
part  of  tha  iapulse/aonaatua/pulsa  of  aagnetic  field  is  developed  the 
special  autoaatic  control  systaa  (SAR) ,  which  affects  the  diagraa  of 
control  of  converter  in  tha  function  of  the  divergence  of  aagnetic 
field  at  tha  pulse  apex  froa  tha  assigned  aagnituda.  In  accordance 
with  the  special  features/peculiarities  of  task  of  SAB  it  has 
variable/alternating  structure.  The  rearrangesent  of  structure  is 
accoaplishad/realized  froa  the  discrete/digital  sensor  of  aagnetic 
field  and  tiaer  device/equipaenfc.  As  tha  aaasuring  eleaent  of  control 
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systsa  is  atilizad  ths  induction  sensor  and  the  integrator,  which  is 
operational  aaplifier  y1#  included  by  feedback  through 
capacitor/condenser  cn  (Pig.  1). 


PAG2  V» 
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iapulse/aoaentua/pulse  of  aaguetic  fiald. 


Key:  (1).  dB.  (2).  el.  dagcea.  (i) .  Hz. 


DOC  *  80069213 


PIGS  &?7 


Pig.  4.  Surge  characteristics  of  establishasnt  of  aagnetic  field  in 
the  beginning  of  shaping  of  flat/plane  part  of 
iapulse/eoaentua/pulse:  obtained  on  Kin  during  siaulatioa  of 
prevention/ad vance  of  prograa  signal  with  respect  to  field  of 

f 

closing/shorting  1  -  prevention/adfance  1O0e;  2  -  the  saae,  204e;  3  - 
the  3*aa,  3003 ;  4  -  the  saae#  3Q0e  with  siaultaneous  feed  to  entrance 
of  aaplifiar  y2  of  suppleaentar y  signal. 

t 

% 

1 


Key:  (1).  gr  el.  (2).  as. 
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Pig.  5.  Oscillograas  of  transient  processes  of  aagaatlc  fiald  la  tha 
beginning  of  shaping  of  flat/plane  part  of  iapalsa/aoaantaa/polsa 
with  work  of  systaa  of  azcitatioa  of  electroaagaat.  a*b*c)  in  tha 
loopad  systaa  on  tha  aagnatic  fiald  with  tha  diffaraat  values  of 
laad/anticipation  of  progxaa  signal;  d)  in  the  systaa  without  tha 
feedback  on  the  field. 

Kay ;  (1)  .  s. 

Page  162. 

During  the  pause  between  the  ispalses/aoaanta/pulsas  of  aagnatic 
field  is  conducted  the  aatosntxc  correction  of  the  drift  of  aaplifier 
and  capacitor  discharge  c„  with  the  aid  of  key/wranch  kj.  lgraaaent 
of  integrator  with  the  entrance  of  aaplifiar  y2 .  Por  tha  purpose  of 
an  increase  in  the  precision/accoracy  of  control  and  decrease  of  the 
dynaaic  range  of  alaaants/calls  Ski,  besides  reverse 
conaection/coaaunication*  is  used  tha  circuit  of  prograa  control* 
which  directly  affects  tha  diagraa  of  control  of  converter. 

Pig.  3  depicts  the  frequency  characteristics  of  the  attended 
reaction  circuit  (valid*  due  to  the  presence  in  circuit  of  converter* 
only  for  tha  fraguancy  band  f<60-120  Hz).  The  overall  efficiency  of 
aaplif ication  Ski  ia  this  characteristic  •3«10*  and  frequency  of 
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excitation  -80  Hz,  which  nates  it  possible  to  obtain  high  statistical 
precision/accuracy  and  duration  of  transient  control  lass  thaa  -80 
as. 


For  the  optimization  of  the  process  of  transition  to  the 
flat/plane  part  of  the  current  pulse  were  investigated  on  l?8  two 
methods  of  the  correction:  the  lead/advance  of  the  introduction  of 
program  signal  and  the  inclusion/connect  ion  of  supplementary  constant 
stress  on  the  entrance  of  amplifier  y*  simultaneously  mith 

closing/shorting  of  feedback.  Pig.  4  gives  the  results  of 
investigation,  is  it  follows  from  Pig.  4b,  the  range  of  the  firing 
angle  of  valves/gates  in  this  case  does  not  exceed  IS  el.  deg.  The 
oscillograms  of  the  transient  process  of  the  establishment  of  the 
field  of  electromagnet  are  given  in  Pig.  5.  Tests  showed  that  the 
system  in  the  range  of  energies  20-76  SeT  provides  the  following 
parameters:  the  duration  of  area/site  to  1.5  s,  the  duration  of  the 
transient  procass  of  20-80  ns,  the  field  nonunifornity  on  the  pad  *1 
Oeths  recurrence  of  the  level  of  area/site  £4 0e,  the  total  asplitude 
of  the  pulsations  of  field  0.5 pulsations  of  field  with  the 
frequency  of  25  Hz  0.25 Oe,  with  the  frequency  of  50  Hz  -0.1 0s  and  the 
frequency  of  600  g-0.01  Oe. 


Discussion 
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G.  Z.  KugushsT.  Acs  suca  the  possibilities  of  applying  the  sensors  of 
period  on  the  shaft  of  the  feeding  aggcegate/anit? 

A.  H.  Stolov.  Sensors  on  the  snsft  of  generator  to  apply  difficultly 
due  to  the  high  requirements  for  tnea  on  the  aechanical 
precision/accuracy. 
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49.  On  tli a  possibility  of  using  tbs  principle  of  self-balanced  field 
ia  ths  proton  synchrotrons* 

I.  P.  Rarabekcv,  n,  A.  Martirosyan,  7a.  R.  Kazaryan. 

(Yerevan  physical  iastituts). 

In  ths  elactroaagnets  of  proton  synchrotrons  due  to  ths  largs 
slops/transconductancs  of  tho  loading  edge  of  ths  fssding 
ia pulsa/aonantua/palss  nppsar  ths  unsteady  processes,  which  land  to 
tie  considerable  aziauthal  asyanscry  of  fisld  ia  ths  beginning  of 
acceleration.  Por  ths  weakening  thsir  affects  on  the  process  of 
shaping  of  the  accelerated  bens  and  possible  reduction  in  ths  fisld 
of  injection  into  nagnet  blocks  usually  introduce  suppleneatary 
fading,  and  with  the  aid  of  ths  capacities/capacitances,  connected  to 
the  blocks/aodules/units#  accoaplxsh/realize  the  specific 
equalization  current  distribution  on  the  periaeter  of  slsctronngnst. 
The  values  of  capacities/capncitances  and  iapedaaces  are  selected  of 
special  law  [1],  which  is  expressed  by  the  function  of  the  pnrnaeters 
of  the  blocks/nodulas/uaits  of  eiectcoaagnet  and  forn  of  the  spectrna 
of  the  feeding  iapulse/aoaeatua/pulse. 

^1.  A.  Monoszon,  et  al.  PTE,  1962,  No.  4,  p.  168. 
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Basic  the  expression,  which  is  detareining  tha  value  of  variable 
coapoaeat  of  eagaetic  flax  <P*B  la  the  strictly  prascribad/aasignad 
region  of  clearance  s  of  each  separate  block/nodula/unit,  connected 
with  the  systea  of  self-balancing  (Pig.  1) ,  which  consists  of  H  of 
sagnat  blocks,  for  the  case  of  arbitrary  current  distribution  takes 
the  fors 


"•  }  +  Xn  -*■  OlL*. 


0  ' 
*n 


-in  ^  ^  '"-an 

Hera  Jx  -  currant,  vnich  flows  along  inducing  winding  of  the 
first  block/aodule/unit,  no  which  i3  connected  the  power  supply; 

tyi  -  arbitrary  law,  defined  as  when  the  circuit  of 

self-balancing  is  extended;  Qn  -  proportionality  factor  between  tha 
valua  of  sagnstic  flux  in  S  region  and  the  current,  which  flows  along 
inducing  winding  of  block/nodule/unit;  - 

voltage  on  tha  corrective  winding  when  it  is  extended; 
inductance  of  the  aagnetization  of  the  n  block/aodula/unit ;  Cn 
stray  capacitance  of  blocs/nodule/unit ;  x**“ ji, '•  ^Sn  “  leakage 
inductance  of  tha  corrective  winding  of  the  n  block/aodule/unit.  In 
equation  (1)  value  in  -  the  effective  resistance  of  secondary 
winding  of  block/nodule/unit  -  is  ositted,  since  far  the  natural 
vibration  fraguancias  of  blocss/nodulas/units  relation  |iJ/|X1nM6^ 
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Por  aagnet  blocks  with  the  rs la tionshi p/ratio  of  a  naabar  of  turns  of 
basis  and  corrective  windings,  egual  to  one  rWi-j,**  X,„ .  Aftar  expansion 
(1)  according  to  dagrass  wLSn  and  rapras natation  Pn  4io+h0n,  whara  B0  - 


average/aean  value 


&L. 


Xa 


wa  will  obtain 


*  f  Xu  N  ARn“ 

f  x«  n  1 

$<")J  • 

With  S»1,  when  X2«Xm 


(2) 


a van  with  coaparatively  large 
divergences  xu>  relation  X1/X1n-‘  1/N.  Than  (2)  it  can  ba  rewritten  in 
the  fora 

httn-U)LSF1  . 


i^(0-4(n)j 


l1n 


(3) 


Proa  (2)  and  (3)  it  is  evident  that  for  absoluta  self-balancing 
with  the  arbitrary  fora  of  current  distribution  and  the  arbitrary 
aaoants  of  deflection  &Rn  and  AuL^  for  each  block/aodule/uait  it  is 
necessary  to  have  a  range  of  selection  Xn,  asking  it  possible  to 
coapensate  for  divergence  ARn  and  A(<>LSn  This  range  it  is  easy  to 
dateraine  froa  the  relationship/ratio 


whence 

AX,-X 


ARn+  Au)LSw 
wL*. 


(5) 
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Expression  (5)  nka«  it  possiole  to  deteraine  a  quantity  of 
suppleaentary  turns  of  tbs  corrective  winding  and  to  salact  tha 
paraaeters  of  the  controlling  eleaent/cell,  on  tha  basis  of 
tachnological  pcacisions/accuracias  ARj,  and  A<dLSi  .  However,  dua  to 
by  tha  frequency  of  dapandanca  X,-  a  strict  satisfaction  of 
condition  (2)  is  possibla  only  at  one  frequency  at  which  is  carried 
out  tha  coapansation  for  tha  divergences  of  the  paraaeters  of 
blocics/aodulas/units.  Therefore  ansoluta  self-balancing  is  possible 
only  for  tha  alactronic  synchrotrons.  For  tha  proton  aachines 
aziaathal  heterogeneity  at  tha  high  frequencies  will  be  determined  in 
essence  by  value 


(6) 


where 


-  frequency,  at  which  is  realized  the  selection  of  the 


paraaeters  according  to  (2).  For  the  process  of  self-balancing  at  the 
low  frequencies  a  substantial  limitation  is  the  ohaic  resistance  of 
the  corrective  winding.  In  this  case  the  equation,  which  is 
deteraining  the  value  of  aagnetic  flux  in  the  n  block/nodule/unit, 
takes  the  fora 


♦ns-^«oj7rS^(l)+(' 


x,„  Tjrj 


in'  (7) 
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where  %„  -  value  of  the  ohaic  resistance  of  the  circuit  of  the 

corrective  winding.  For  taw  compensation  for  the  divergences  of 
values  froe  one  block/aodole/unit  to  the  next  it  is  necessary  to 

provide  the  3uppleaentar y  range  of  control,  egual  to 

A^-Xi—S- .  («» 

^cp 


Then  the  full/total/conplete  value  of  the  required  range  of  control 
dX  t  a ust  be  equally 


Afi„ 

Au>LSn 

«o 

▼ 

max 

wLSo 

mo* 


Aon 


*cp 


max 


)• 


(9) 


Pros  (7)  it  is  evident  that  in  the  case  when 


2  X5  *  1f 


( 10) 


in 


value  of  flow  $*a  -3,R0$(n) ,  i.e.  the  process  of  self-balancing  is 
absent.  Proa  (10)  value  *»cp  for  the  prescribed/assigned  aagnetic 
systea  is  equal 


Kp  VT*  2s  L. 


(11) 


Tha  process  of  self-balancing  for  the  poise  aagnetic  systaas  was 
investigated  experimentally  on  nine  aagnet  blocks  with  the 
plane-parallel  poles,  supplied  by  the  voltage  poise  with  par east ers 
xn  *180  as  and  *20  ps.  Ihe  parameters  of  sagnet  blocks  are 


given  in  the  table 
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Fig.  1.  Circuit  diagraa  of  aagnet  olocks  into  the  3ystea  of 
self- balancing. 

Page  16h. 

Magnetic  systaa  was  preliminarily  balanced  at  the  frequency  of 
50  Hz  with  precision/accuracy  0. lo/o.  The  aeasureaant  of  the 
average/aean  value  of  field  ia  the  blocks/nodules/units  was  aade  with 
the  aid  of  the  air-core  coil,  adjusted  into  the  strictly 
prascribei/assigned  region  of  bloc&3/aodules/units.  For  evaluating 
the  correctness  of  the  obtained  relationships/ratios  the  aagnetic 
systea  tested  in  the  range  of  the  frequencies  of  the  feeding  voltages 
froa  50  Hz  to  20  kHz.  In  Fig.  2  dotted  line  shoved  current 
distribution  in  aagnetic  systea  for  the  different  frequencies 

with  the  cutoff /disconnection  of  all  blocks/aodulss/units  froa  the 
circuit  of  self-balancing.  Solid  lines  shoved  current  distribution  at 
the  saae  frequencies,  but  after  the  Inclusion  of  blocks/sodules/units 
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into  tha  circuit  of  se lf-oalancing .  Pig.  3  shows  variation 
Xu/x„  *  ,  i.a.  tha  degree  of  autual  disagreement  xu  of  the 

blocic3/aodul3S/units  which  aust  lead  to  the  scatter  of  the  value  of 
■agnetic  fluxes  according  to  (6)  . 
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2.  Currant  distribution  in  uugant  blocks  depending  on  frequency. 


K*y:  (1).  kHz. •  k2)  Number  of  block. 
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Pig.  3.  Dapeodaoca  of  mutual  disagraaaant  xH  o£  bloc  Its /aodulaa/unit* 
on  frequency  (1-9  -  nuabac  of  blocks/aodules/units)  . 


Fig.  4.  Oscillograms  of  transient  prosesses  in  usual  magnetic  system 
(a)  and  in  system  of  self-balancing  (b,  c). 
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T a#  calculations  of  tha  degree  of  flattening  of  flux  at  the 
diffsrent  fraguancias  vita  precision/accuracy  2-3o/o 
(pracision/accuracy  of  deteraination  xu)  coincid#  with  th#  cosuits  of 
aeasureaents,  shown  in  Pig.  2.  Pig.  4a  shows  the  oscillogcas  of 
tcansiaat  processes  in  the  separate  blocks/aodules/units  in  the  usual 
circuit  iiagraa  of  blocks/aodules/unit3.  for  the  clarity  all 
oscillograas  are  coabined.  The  depression  of  transient  processes  in 
the  saae  systea,  connected  with  the  circuit  of  self-balancing  with 
tha  invariability  of  value  and  shape  of  the  feeding  pulse,  it  is 
shown  in  Pig.  4b.  In  Pig.  Vffk  ere  shown  the  fora  of  the  derivative 
of  field  in  one  block/aodule/unit  (lower  curve)  and  the  fora  of  the 
currant,  flowing  in  tha  general/coaaon/total  circuit  of  priaary 
windings.  Proa  the  oscillograas  evidently  both  depression  of  the 
aaplitudes  of  transient  processes  and  shortening  the  tiae  of  their 
existence  and  considerable  decrease  of  the  azlauthal  asyanetry  lie  in 
the  3elf -balanced  systea.  Purtheraoce,  field  in  tha  block/eodule/uait 
repeats  the  fora  of  the  current,  which  flows  in  the  priaary  winding. 
The  introduction  of  self-balancing  to  the  investigated  aagnetic 
systea  aade  it  possible  to  increase  the  dynaaic  range  of  the  utilized 
values  of  field  Hmox/Hmwi  froa  43  to  150. 
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In  conclusion  it  should  o«  noted  that  value  f*o  for  the 
conteaporary  proton  accelerators  closa  to  the  values  of  ~0.03  Hz.  in 
the  ezpariaaatal  installation  frequency  was  equal  to  -3  Hz. 
Estiaations  show  that  for  the  accelerator  with  •<-&,  *0.01  oha  and 

L„s „  *0.03  H  for  the  duration  of  acceleration  cycle  r*1.5  s,  for 

the  Lowest  frequency,  equal  to  -0.  IS  Hz.  the  value  of  the  aaqnetic 
flux  Hg  in  all  blocks/aodules/unrts  will  differ  froa  the  aean 
arithaetic  value  of  flows  xa  the  unbalanced  systea  for  ~5o/o. 
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49.  The  aagnetic  systea  of  P-fl  cyclotron  with  a 
thres-diaensional/space  variation  in  the  field. 

Ta.  3.  Alenetskiy,  S.  B.  Vorozhtsov,  8.  L.  Zaplatin,  L.  K.  Lytkin. 

(Joint  Institute  for  Nuclear  £e search) . 

At  present  in  eany  laooratories  of  peace/world  are  conducted  the 
investigations,  connected  with  the  reconstruction  of  acting 
synchrocyclotrons  [1].  In  the  J.l.  8.  B.  (OSSB)  ,  just  as  in  Colusbian 
Oniversity  (USA)  and  SHB1  -  Virginia  (USA),  is  intended  to  iaprova 
synchrocyclotron,  after  introducing  three-dinensional/space  variation 
and  growing  aidile  a agnatic  field,  which  does  not  reach,  hosever, 
isochronal  dependence  [2-4], 

In  this  work  are  given  the  results  of  shaping  of  the  aagaetic 
field  of  the  aodel  of  the  aagaetic  systea  of  F-n  cyclotron  with  a 
three-dinensional/space  variation  in  the  field  the  J.l.  8.  B.  (setting 
up  F)  with  the  siailarity  factor  5.22.  The  sinulation  of  the  field  of 
aagnetic  systea  (Fig.  1  and  2)  was  conducted  for  the  confiraation  of 
the  selected  basic  paraaaters  which  were  discussed  in  work  [5],  for 
refining  the  configuration  of  spiral  and  circular  shins  and 
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determination  of  tha  topography  of  aagaetic  field  after  a  working 
radius,  which  aade  it  possible  to  solve  the  questions,  connected  with 
the  bean  extraction  froa  accelerator  chaaber. 

Requirements  for  the  aagnetic  field  are  presented  in  works 
[6.7]:  a)  a  drop/juap  in  aiddle  aagnetic  field  H(-v)  east  be  fulfilled 
with  the  preoision/accuracy  200  e;  b)  in  the  central  zone  is 
necessary,  that  o^AHa*  e,  where  AH  -  divergences  of  aiddle  field 
froa  that  required;  c)  allowance  for  the  gradient  of  aiddle  field 
changes  with  ralias  Oe/ca  for  Av02-51.7  cb 

raspectively  (hare  are  given  below  the  sizes/diaensions  of  aodel) ;  d) 
in  tha  zone  of  the  conclusioa/output  of  particles  it  is  necessary  to 
satisfy  the  condition  pjjjj<0,06  and  Mtl  <5*  10-*  rad/  a  where  H+ 
-  aapiitude  of  fundaaental  harmonic,  and  -  phase  of  its  sextans; 

e)  the  required  flutter  focusing  aust  be  provided,  beginning  with  r*3 
ca;  f)  lowest  haraonics  in  center  io"3,  s-icf"3. 
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Pig.  1.  Fora  of  tha  pol®  pxaca  of  th®  aodal  of  aagaatic  systaa 


Cmu+m u  Aral 


Pig.  2.  Dasign  coacapt  of  aagnatic  systaa  with  alaaaats/calls  of  this 
shiaaacing. 


Kay:  (1).  Pola.  (2).  staal  disk.  ( J) .  Axis  of  syaaatry.  («) . 
stainlass  disk.  (5).  Staal  ring.  (6).  Spiral  shias.  (7).  Sarfaca  of 
location  of  sactor  shias.  (8).  aadiaas  plants. 


Paga  166. 


Tha  aaasuraaants  of  aagaatic  fiali  oa  tha  aodal  vara  aada  tilth 
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the  aid  of  automated  aeasuring  beach  [8]  at  144  evenly  distributed  la 
the  circumference  points  for  each  radius.  The  results  of  eeasureeeats 
were  recorded  with  the  aid  of  the  perforator  with  the  coatiauoue 
displacaeent  of  the  sensor  of  Hall  eagnetoaeter .  The  experiaentally 
obtained  accuracy  of  the  aeasureeeat  of  Biddle  field  w(a)  comprises 
1.S*10-*,  and  the  amplitude  of  basic  har sonic  5«10-4  H(a).  Processing 
obtained  inforeation  was  perforaed  on  the  coapoters  SDS-16Q4A. 

as  a  result  of  the  calculations  conducted  and  ezperieents  on  the 
nodel  of  aagnatic  systee  was  shaped  the  field,  represented  in  Pig.  3. 

It  is  evident  that  dHmQa5-  *70  a.  AH4maa.»300  e. 

^4. 6* 10-’  rad/ca  and  the  required  variation  is  created,  beginning 
with  *>-  2.9  ca. 

During  the  calculation  according  to  the  analytical  expressions 

of  the  natural  freguencies  of  particles  (Pig.  4)  for  required  field 

GL^(Ht)  and  for  actually  created  aiddle  field  Qx(Ht»)>  Qa(Ht>)«  and 

also  the  index  of  an  increase  in  created  field  n— i/m 4^  it  turned 

da 

out  that  An/n  is  found  in  ue  allowances  for  a«<24  *ah)  ca.  where 
*V  SI.  724  ca  and  values  Q,(Hp),  Q,%(H,»)  satisfy  the  stated 
reguireaents  in  entire  range  of  radii. 


Divergences  AH  and  connected  with  this  character  of  curves 
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. (-v),  Qd)(Hp),Q^(H^  la  the  central  zona  aust  ba  corrected  with  tha  aid 

o£  the  alaaants  of  tha  thin  cor r action:  currant  windings  and  sactor 
shias  (saa  Pig.  2) .  Tha  experiaental  prscision/accuracy  of  tha 
siaulation  of  aagnatic  field  reached  closa  to  to  aaxiaally  tha 
possible  AHnpeq  =(30-40)  a,  datarainad  by  tha  geoaetric  errors  for 
production  and  asseably  of  alaaents/cells  nodal. 

The  possibilities  of  currant  windings  ware  evaluated  by  tha 
aethod  of  calculation  by  tna  aathod  of  laast  squares  of  the  required 
aapera-turns  for  coapensation  AH(i)  and  In  tha  canter  tha 

windings  weakly  act  on  tha  gradient  of  aiddle  field  and  are  suitable 
only  for  saall  (+30  a)  changes  in  field  laval. 
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The  optiaua  sat  of  sector  shins  for  the  coapensation  for  the 
level  of  field  100  e  (Pig.  5)  was  located  by  the  aethod  of 
calcalatioa  oa  the  coaputers  by  the  cut-and-try  aethod.  The  shias, 
which  proved  to  be  necessary  for  coapensation  Ah(-v),  in  Pig.  5  are 
shaded.  In  the  aiddle  part  of  the  figure  are  given  field 
distributions  for  different  layers  of  sector  shies,  with  exception  of 
separata  outshoots,  connected  with  the  aeasuring  errors  of  field  to 
the  aodel,  the  divergences  of  field  in  the  region  of  shiaaering  do 
not  exceed  18  e. 

Thus,  is  3howa  the  possibility  of  designing  of  the  aagnetic 
field  of  accelerator  with  the  prescribed/assigned  allowances. 
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Paisa  generator  ia  power  1.5-2  G7T  on  the  nagneto  controlled 
valve s/gates. 

L.  L.  Danilov,  V.  N.  Pankin,  G.  1.  Silvestrov. 

(Institute  of  nuclaar  physics  of  50  AM  USSR). 

The  contemporary  development  of  pulse  technology  in  the  field  of 
obtaining  of  strong  magnetic  fields  (100-200  koe)  requires  the 
creations  of  current  generators  of  the  reactive  power  into  several 
gigawatts  in  the  range  of  the  poise  durations  fron  several  ten 
aicroseconds  to  several  aiiliseconds.  Thus,  for  optics  of  the 
conversion  of  positrons  on  rotary- focusing  aagnets  of  coupler  VEPP-3 
[1]  and  eeson  channel  on  the  parabolic  lenses  for  the  neutrino 
erperinent  in  IPVE  [2]  (pulse  fields  -120koe)  is  required  generator 
with  reactive  power  1.  5  GM  for  the  duration  of  pulse  100-200  ps. 
Fundamental  during  the  developnent  of  such  generators  is  a  question 
about  the  switching  device/equipeent  and  its  nazieue  pulse  pnraneters 
-  dielectric  strength,  peak  inverse  anode  voltage  and  narinun  pulse 


current 
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The  use  of  industrial  valves/ gates  in  the  aode/conditions  of 
overload  with  respect  to  the  pulse  current  allocs  in  the  lieited 
range  of  the  pulse  durations  to  coaeutate  reactive  power  on  the  order 
of  5  he  for  the  silicon  ones  (  vkdu-150),  10  HE  for  the  aercnry  TB 
80/16)  valves/gates  with  r-0. 7-1.5  as  and  10  HE  for  hydrogen 
valves/gates  (1511-2  500/35)  with  -1-5  ps.  The  wish  to  expand  the 
range  of  durations  in  the  region  50-500  ps  (where  aercury-arc 
rectifiers  virtually  do  not  worha  hut  the  reliability  of  the 
operation  of  silicon  ones  sharply  falls)  leads  to  the  considerable 
decrease  of  the  connotated  reactive  power.  For  exanple#  for 
T51 1-2500/35  with  r-100  ps  reactive  power  is  20  he  [3].  This  leads  to 
the  need  for  the  series-parallel  start  of  a  large  quantity  of 
valves/gates. 

In  ITaP  of  so  AN  ossa  is  created  the  nonstandard  gas-discharge 
valve/gate,  controlled  with  the  aid  of  the  nagnetic  field  over  a  wide 
range  of  the  pulse  durations  froa  50  ps  to  2  ps  [4].  Purthec 
davelopnent  of  this  instruaent  aade  it  possible  to  create  the 
valve/gate  which  was  capable  to  coanutate  reactive  power  into  1  GE  in 
required  for  our  purposes  interval  of  the  pulse  durations.  Instrnaent 
Is  conditionally  naaed  "Hagutron"  -  the  aagneto  controlled  thyratron. 
In  it  is  used  secies  circuit  of  the  storage  capacities/capacitances, 
divided  by  valves/gates#  with  one  supply  of  power  and  one 
stabilization  systen. 
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Pundaaantal  oscillator  circuit  is  given  in  Pig.  1.  With  tha  sort 
of  tha  load  tha  genaratoc  is  asyaaotric  relative  to  ground  point 
series  circuit  of  two  storage  capacities/capacitances,  divided  by 
valves/gitas,  with  tha  total  by  affective  stress  2Ua.  with  the  charge 
to  voltage  0„  froa  one  power  supply  storage  capacitias/capacitances 
are  connected  in  parallel.  Por  the  optiaus  agreeaent  of  generator 
with  the • inductive  load  is  used  the  peat  transforaar  with  a  saall 
(-4-5  iH)  leakage  inductance  and  tha  current  in  secondary  winding  of 
the  order  of  one  aegaapera. 

Por  the  short- term  stabilization  of  the  aaplitude  of  current  in 
load  and  coapensation  for  the  slow  departures /attendance  of  tha 
paraaeters  of  generator  and  load  in  tha  tiae  is  applied  the  special 
diagraa,  which  ensures  voltage  regulation  on  the  storage 
capacities/capacitances  with  the  precision/accuracy  better  •  10-*  £5]. 

Por  eliainating  the  effect  of  the  tiae/teaporary  instability* 
connected  with  tha  instability  of  the  ignition  of  valves/gates  ms. 
in  tae  load  is  f oraad/shaped  the  currant  pulse  flat-topped  with 
precision/accuracy  -0.1  o/o  in  the  Units  of  *10  ms  (3].  The 
starting/launching  of  generator  is  aceoaplished/realized  froa  the 
standard  diagraa  of  the  ignition  through  aatching  cable  transforaar 
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(Tc2)  .  4s  the  laid  of  tne  generator  of  ignition  sacra  control 
windings  by  valves/gates. 

Page  168. 

Regeneration  occurs  through  tha  recharging  diodes  0|-0t4. 

Since  the  cathode  of  valve/gate  flt  is  located  under  high 
voltage,  then  for  the  protection  of  aeplitude  froe  the  possible 
breakdowns  on  the  gas- filled  gap  is  developed  special  vacuus 
decoupling. 

The  oscillograph y  of  the  current  pulses  of  control  and  operating 
cnrrent  is  accoeplished/rsalized  with  the  aid  of  the  non-inductive 
low-resistance  shunts  and  the  Bogowski  loop.  A  voltage  drop  across 
the  grounded  valve/gate  was  detereined  with  the  aid  of  the  in 
parallel  connected  coapensated  divider  with  the  supporting /reference 
stabilitron  tubes. 

The  construction/design  of  Bagntrons,  which  work  in  the 
oscillator  circuit,  is  given  in  fig.  2.  Electrodes  are  ends  froe  the 
stainless  steel  in  the  fora  two  long  -80  ca  of  the  cylinders  with  a 
disaster  -20  of  ca,  isolated/insulated  between  theaselves  by 
discharge  gas-filled  gap  -10  aa.  Instrument  is  filled  by  low-pressure 
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hydrogen  -10”  »-l 0  "*torr.  la leak age  sad  evacuation  of  hydrogaa  ara 
conducted  syaaetrically  according  to  entire  diaaater  of  the 
•ads/faces  of  instruaent.  On  the  aads/facas  the  electrodes  saoothly 
convert/transfer  into  the  current  input;  the  coaautad  current  of 
working  contouc/outline  in  fed  syaaetrically.  Cathode  is  aade 
thin-walled  (-1  an),  on  the  external  surface  of  cathode  are  cut  the 
halical  flutes  in  which  is  placed  tha  control  winding, 
isolated/insulated  froa  the  cathode.  The  talcing  place  on  the  winding 
pulsa  current  creates  in  the  working  clearance  the  nagnetic  field  of 
control.  The  initiation  of  the  arc  discharge  in  tha  instruaent  is 
accoaplished/realized  with  the  aid  of  the  glowing  discharge  of  high 
(-5  A/cn*)  current  density. 

aith  the  considerable  range  of  instruaent  iaportant  bee ones  the 
creation  of  such  conditions  for  the  discharge,  under  which  would  work 
entire/all  surface  of  electrodes,  situated  under  the  control  winding. 
Such  conditions  are  created  by  both  the  construction/da sign  of 
control  winding  and  by  circuit  solution  -  use/application  of  a 
saturating  corn  device. 

Double  winding  creates  the  alternating  axial  helical  nagnetic 
field  of  control,  which  with  its  correct  polarity  forces  the 
discharge  to  nova  in  the  necessary  direction.  Saturating  core  devices 
(Orl,  Dr 2)  aake  it  possible  to  tighten  the  duration  of  the  glowing 
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discaarga  to  the  period,  sufficient  foe  the  ionization  of  entice 
discharge  gap  aad  even  distcioation  of  discharge  all  over  surface  of 
electrodes*  and  the  steady  tightening  of  current  with  its  approach  to 
zero  at  the  end  increases  tine  by  the  deionization  of  discharge  gap 
and  thereby  it  contributes  to  an  increase  in  the  peak  inverse  anode 
voltage  of  instruaent. 


i 
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Fig.  1.  Paisa  generator  circuit.  1  -  ractifier;  2  -  antihunting 

circuit;  3  *  ganarator  of  aagoetic  ignition;  9  -  voltage  divider;  5 

vacuua  decoupling;  CL,  C  x  -  storage  capacity/capacitance;  at,  Bt  * 

valva/gata;  Dc  |t  Dta  *  saturating  core  device;  Bt  -  charging 

rasistor;  9w  -  instruaent  shunt;  Dt,  D14  -  recharging  diodes;  Ltt 

L*  -  racharging  inductance;  J? »,  a*  *  raactor  of  pulse;  CHLk  - 

correction  circuit  of  the  pulse  apex;  Trl  -  matching  transformer; 
Tr2  -  transformer  of  ignition;  Ry  -  decoupling  resistor. 


Kay:  (1).  Load 
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Pig.  2.  Construction/design  of  magneto  controlled  valve/gate  1  - 
mods;  2  -  cathoda;  3  -  discharge  gap:  9  -  control  winding;  5  - 
currant  input;  6  -  insulator;  7  -  vacant  decoupling;  8  -  jacket  of 
cooling. 

Kay:  (1).  Allowance  of  hydrogen.  (2).  Evacuation  of  gas. 

Page  169. 

Pig.  3  and  4  give  the  tiae  graphs  of  work  of  generator  and  the 
control  characteristic  nagutroa.  Por  the  reliable  prolonged  work  of 
generator  preliminarily  is  conducted  aging/training  ~2«10*  the 
iapulses/eoeenta/pulses  of  the  newly  prepared  valves/gates  by  the 
currants  of  density  -8  of  A/ca*  by  a  einieua  quantity  of  reverse 
breakdowns.  This  current  density  aakes  it  possible  to  exclude  the 
interruptions/liscontinuities  of  current  and  pinching  of  arc.  In  this 
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case  the  syaaetry  of  current  inputs  lakes  it  possible  to  drive  away 
the  discharge  to  that  or  otner  side  along  the  electrodes.  Further 
aging/training  is  done  in  the  aediua  of  hydrogen. 

The  characteristic  paraaatars  of  a  good  work  of  valve/gate  they 
are:  1)  a  quantity  of  reverse  nreakdovns  is  not  aore  than  0.  1o/o;  2) 
the  step  of  the  glowing  discharge  with  a  voltage  drop  into  300-350 
in;  3)  the  stability  of  the  firing  point  of  discharge  -1  ms;  4) 
aagnetron  type  control  characteristic;  5)  the  stability  of  vacuua. 

Are  at  present  carried  out  experiaental  investigations  and  is 
achiaved/reachad  the  reliable  work  of  generator  for  the  duration  of 
pulse  -100-200  ms  (the  reactive  power  of  -1  GW)  on  one  aagneto 
controlled  valve/gate  with  the  saxiaus  pulse  paraasters:  dielectric 
strength  -20  kV;  peak  inverse  anode  voltage  is  not  less  than  10  kV, 
aaxiaus  pulse  currant  100  ki. 


< 


Key:  (1).  Trigger  pulse.  (2).  *>*•  (3).  Control  current.  (4).  Current 
of  working  contour/out  line.  (5)  .  Incidence  /drop  on  single  valvn/gnte 
(6).  Voltage  drop  with  sncien  connection. 
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Pig.  4.  Control,  characteristic  at  aagutron  for  1p<1)h2*2.  10 
(  (pd)Na  *2.10“*  torus,  ca) . 

Kay:  (1)  .  kV. 


Fig.  5.  General  view  of  block/module/unlt  of  magutrons. 


torr^ca 
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Page  170. 


Gse/application  of  two  aagneto  controlled  valves/gates  in 
diagran  exaeinad  above  aade  possible  to  obtain  pulse  generator  of 
reactive  power  -1.5  g«  (voltage  on  the  valves/gates  ±9  kV,  current  80 
kA)  . 


Th9  standard  circuit  solutions  of  the  coeautation  of  aagutrons 
(parallel  connection}  ease  it  possible  to  create  the  reliably  working 
generator  of  reactive  power  on  toe  order  of  2  gw.  The  general  view  of 
the  block/eodula/unit  of  series-connected  aagutrons  is  represented  in 
Pig.  5. 

Tha  distinctive  special  feature/peculiarity  of  valve/gate  with 
the  cold  cathode  lies  in  the  fact  that  its  valve  properties  do  not 
depend  on  the  polarity  of  electrode  voltage.  This  aakes  it  possible 
to  create  generator  of  the  train  of  the  iapulses/no sent a/pulses  of 
different  polarity,  utilizing  only  one  instrueent.  Promising  is  also 
further  increase  in  the  paraneters  of  valves/gates  of  such  type  due 
to  an  increase  in  effective  area  of  electrodes. 

further  davelopnent  and  iaproveaent  of  powerful/thick 
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valrss/gates  will  significantly  expand  t ha  possibilities  of  the 
iapulsa  circuits  of  supply  and  will  aaica  it  possible  with  their 
use/applicatioa  to  raise  tae  technical  paraaeters  of  aaay 
electrophysical  device s/equxpaent. 

BBPEBENCES 

1.  r.  A.  Vsevolozhskaya  et  al.  (see  present  coll.  . ,  Vol.  1). 

2.  D.  L.  Danilov  et  al.  IhTP,  1970,  Vol.  XXXVII,  V.  5. 

3.  B.  P.  Bayanov  et  al.  ?TB#  1968,  Ho  5. 

4.  B.  P.  Bayanov  et  al.  Transactions  of  All-Onion  Conference  on 

the  charged  particle  accelerators.  Vol.  1.  of  fl.,  VIHITI  [ 

All-Onion  Institute  of  Scientific  and  Technical  Iaforaation ],  1970, 
page  283. 

5.  A.  P.  Baydak  at  al.  see  present  coll.  vol.  / 
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51.  Slactron  analogue  of  cyclic  accelerator  with  the  ultrapowerful 
leading  aagnetic  field. 

A.  7.  Gryzlov,  7.  S.  Panasyuk,  V.  a.  Byzhkov,  A.  A.  Sokolov,  la.  H. 
Spektor,  7.  a.  Stepanov. 

(All-Onion  scientific  research  institute  of  optico- physical 
■easureaents) . 

The  use/application  of  ultrapowerful  aagnetic  fields  on  the 
order  of  1  HG  and  no re  aaaes  it  possible  to  reduce  to  a  ainiaua  the 
sizes/diaensions  of  cyclic  accelerator  with  the  prescribed/assigned 
final  energy  of  particles.  In  this  case  coapactness  and  saall 
cost/value  of  accelerator  are  reached  due  to  its  one-tiae  action, 
since  the  pressures,  which  correspond  to  fields,  considerably  exceed 
the  liait  of  the  strength  of  aetals.  tinder  these  conditions  they 
resort  to  the  explosive  technique  of  obtaining  ultrapowerful  aagnetic 
fields  [  1-3 J.  Are  known  two  aethods  of  obtaining  the  fields  of  1  HG 
with  the  aid  of  explosion  £  2 }:  the  coapression  of  the  aagnetic  flux, 
included  in  the  conducting  shell  (generators  of  the  type  of  BK-1), 
and  the  excitation  of  single-turn  aagnetic  systeas  by 
explosivs-aagnetic  current  generators  (generators  of  the  type  of 
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8K-2)  .  First  aathod  to  expediently  apply  aainly  for  the  betatron 
action  of  particles,  by  tae  second  -  for  the  high-frequency. 

If  in  the  usual  pulse  cyclic  accelerators  the  energy  content  of 
aagnat  dataraines  the  type  of  aagnetic  systea  and  liaits  in  the  final 
analysis  intensity  and  energy  of  accelerator,  then  for  the  energy 
possibility  of  explosi ve-sagnetic  generators  it  antes  it  possible  to 
utilize  althougn  aora  energy,  structurally /construct urally  slap lest 
types  of  aagnetic  systeas  witn  the  sizes/diaensions  of  aperture, 
coapared  with  the  radius  of  curvature  of  the  orbit  of  particles.  This 
can  considerably  siaplify  the  conscruction/design  of  accelerator  and 
increase  its  intensity,  wnich  is  extreaely  iaportant  for  the 
accelerators  of  single  action.  It  is  obvious  that  in  siailar 
accelerators  the  systeas  of  injection,  capture,  acceleration  and 
issue  of  particles  aust  be  aaxiaally  staple  and  adequate  to  the 
aagnetic  systea  of  accelerator  on  the  sizes/diaensions  and  the 
cost/value. 

Proa  the  possible  fields  of  application  of  explosive-aagnetic 
accelerators,  first  of  all,  should  be  noted  clashing  beans.  As  is 
known,,  other  conditions  being  equal,  with  an  increase  in  the 
aagnetic  field  quadrat icaliy  increases  the  density  of  beaas  and  the 
ratio  of  a  nuaber  of  useful  interactions  to  the  background.  Besides 
this,  characteristic  for  the  explosive-aagnetic  accelerators  very 
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rapid  energy  gain  gives  the  possibility  to  accelerate  the  short-lived 
particles.  These  facts  a aka  it  possible  to  hope  that  siailar 
accelerators  are,  apparently,  one  of  the  eost  adequate/appcoaching 
devicas/aquipaent  for  the  realization  of  fundaaental  experiments  for 
clashing  aeson  beaas. 

Is  given  below  the  description  of  electron  analogue  of  one  of 
the  possible  versions  of  the  accelerator,  designed  for  the  use  of  an 
explosive-aagnetic  generator  of  the  type  of  HR-2.  The  supply  of  aodel 
is  accoaplished/realized  froa  capacitor  bank. 

Pig.  1  gives  the  schematic  of  aodel.  accelerator,  it  is  shaped 
froa  within  so  that  in  the  internal  cavity  of  tarn  is  f oraed/shaped 
the  aagnetic  field,  analogous  x n  fora  to  the  field  of  usual  adiabatic 
trap  with  the  stopper  coefficient  approximately  two.  Turn  is 
connected  through  the  conautating  discharger/gap  to  capacitor  bank 
with  the  aid  of  the  busnars/tires.  simultaneously  the  cavity  of  tarn 
is  utilized  as  cavity  resonator  for  obtaining  the  high-fraqaency 
accelerating  electric  field.  For  this  purpose  to  the  ends/faces  of 
the  turn  through  insulating  plates  are  saperiaposed  the  thin  aetallic 
plates,  which  close  ends/faces  in  the  high  frequency.  Kith  the  aid  of 
the  coupling  loop  cavity  resonator  are  excited  the  high- frequency 
oscillations  of  the  type  ytu  whose  electric  field  HTt1  *  perpendicular  € 
to  the  aagnetic  field  of  the  accelerator  (see  Fig.  1)  and  is  utilized 
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foe  tha  particla  acceleration. 

Page  171. 

Tungsten  cathoda  and  opening /aperture  la  the  lover  plata  fora  fcha 
electron  gun*  which  injects  along  the  axis/axle  of  accelerator 
electron  beaa  with  the  energy  >100  e V,  which  ionizas  residual  gas  in 
the  near-axial  region  of  accelerator.  Opper  and  lower  plates  are 
found  under  tha  negative  potential  relative  to  housing*  foraing  in 
the  presence  of  eagnetic  field  trap  for  the  electrons*  which 
additionally  increases  ionization  in  tha  naar-axial  region.  0ith 
satisfaction  of  resonance  conditions  tha  electrons  froa  this  region 
are  seized  into  the  accelerative  aoda/conditions.  The  discharge/break 
of  the  accelerated  particles  is  accoaplished/realized  to  a 
tastar-target .  Tha  ands/faces  of  turn  are  closed  by  cover/cap  and 
exhaust  branch  pipe*  nade  froa  fiberglass.  Pig.  2  gives  the 
photograph  of  accelerator  in  the  asseabled  fora. 

let  us  give  the  fundaaental  principles*  which  characterize  work 
of  the  accelerator.  In  spite  of  tha  coaplicated  prof ile /airfoil  of 
cavity  resonator,  we  will  use  for  siaplification  of  the  foraula  of 
the  frequency  of  cylindrical  cavity  during  the  oscillations  of  tha 
type  Hm  for  the  case  when  the  length  of  cylinder  is  considerably 
aore  than  its  radius  B  £4]; 
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Upon  the  high-frequency  acceleration  for  resonant  particla  e»v/v 
(where  v  -  spaed  of  resonant  particle,  r  -  a  radius)  it  aust  coincide 
with  the  frequency  w0  or  accelerating  field  (condition  of 
synchronise).  Hence,  taking  into  account  (1),  we  have 
^  -  xpP,  (2) 

where  it  *0.543.  Thus,  tne  omit  of  accelerating  resonant  particle 
aust  be  the  turnad/run  up  spiral  with  the  radius,  proportional  8  and 
to  those  asymptotically  approaching  with  8*1  and  a-»p.  A  sisilar 
trajectory,  obviously,  can  be  provided  only  with  an  increase  in  the 
leading  aagnetic  field  in  accordance  with  the  eipression 
pE-eH-t,  (■') 

where  the  leading  field  a  we  consider  for  siaplicity  unifara.  Proa 
equations  (2)  and  (3)  we  obtain 
E  -XeHQ  .  (4) 


am  ^ - - 


DOC  =  80069213  PASS  Si 


Pig.  1.  The  3chanatic  of  electron  analogue  of  accelerator.  1  - 
electroaagnet  -  rasonator  -  vacuua  chaster;  2  -  basbar/tire  for  the 
connection  to  capacitor  bant  and  discharger /gap;  3  -  tungsten 
cathode;  4  -  tastar  -  target;  5  -  schematic  of  the  lines  of  force  of 
the  alactrical  and  aagnetic  field  of  wave  Httl  in  plane  AA;  6  - 
insulating  plates;  7  -  aetallic  plates  of  blocking  HP 
capacitors/condansers;  8  -  coupling  loop  with  BP  the  generator;  9  - 
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covsc/cap  fro*  th*  fiberglass;  10  -  axhaust  branch  pipe  fros  the 
fiberglass. 


Kay:  (1)  .  section. 


Pig.  2.  Accelerator  in  assesbled  fore. 

Page  172. 

Sinca  E“E„+W*“M0ca  +  W  ,  that  of  expression  (4)  follows  that 
acceleration  for  this  type  of  particles  it  is  possible,  beginning 
only  froa  certain  value  cf  the  nagnetic  field 


DOC  *  30069213 


PACE  *pLt 


with  which  tha  cyclotron  frequency  of  the  rotation  of  nonralatiwistic 
particle  it  is  coapared  with  the  frequency  of  accelerating  field. 

Proa  equations  (2)  ,  (4),  (S)  and  relationship/ratio  we 

find  a  change  of  the  radius  of  resonant  particle  in  the  function  of 
the  leading  field  H: 

a(H)  —  oeB  \J  •  (6) 

Proa  that  presented  it  is  evident  that  entire  cycle  of 
acceleration  consists  of  two  aodes/conditions  -  synchrotron  and 
pceliainary,  analogous  synchro-cyclotron,  a  radial-phase  equation  of 
aotion  of  particles  in  this  aode/conditions  proves  to  be  the  sane 
type,  as  in  tha  synchro-cyclotron  £5].  Por  the  unifora  aagnstic  field 
it  takes  the  fora 


In  contrast  to  the  usual  equation  asre  w6--^  and  u*3i6*»,  there  ■  - 
relativistic  aass  of  particle  and  6  -  intensity /strength  of 
high-frequency  electric  field. 

Bzperiaent  was  conducted  as  follows.  Por  the  check  of  the  value 
of  the  intensity /strength  of  high-frequency  electric  field  the 
accelerator  was  first  adjusted  to  the  cyclotron  aode/conditions.  The 
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psrioi  of  oscillations  of  aagnetic  field  vas  equal  to  110  ps  was 
shifts!  to  tba  apex/vertex  of  siausoid.  The  eeission  current  of  gun 
was  astablish ad/installed  equal  to  1  sA.  with  the  aid  of  the 
preliainarily  graduated  photomultiplier,  arranged/located  above  the 
cover/capr  was  aeasured  the  aediua  energy  of  the  quanta  of 
breasstrahlung  froa  the  target,  which  is  located  near  the  axis/axle 
of  accelerator.  On  the  oasis  of  foraula  for  the  aaziaua  energy,  which 
for  our  case  takes  fora  0,22  kev,  we  find  6“500  y/ca.  Is 

further  created  the  necessary  building  up  leading  aagnetic  field  for 
accelerating  the  ralativistic  energy.  Pig.  3  gives  the  oscillograas 
of  the  curve  of  aagnetic  field,  radio- frequency  voltage  and 
iapulse/aoaeatua/pulse  of  breasstrahlung  froa  target  on  the  teraiaal 
radius,  passed  through  the  copper  wall  turn  (thickness  of  3  ca)  and 
recorded  by  the  photomultiplier,  directed  tangentially  toward  the 
orbit.  The  basic  paraaeters  of  aodel  are  given  below. 

Kinetic  energy  of  electrons  on  the  terainal  radius  r»1.75  ca...  of  2 

aev. 

naxiaua  induction  of  aagnetic  field  at  the  center....  4.8  kg. 

Duration  of  acceleration  cycle  2  pa. 

electric  intensity.  500  V/ca. 
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Bavelangth  of  the  accelerating  electric  field...  of  1 1  ca. 

The  authors  express  appreciation  to  0.  A.  Tal'dner  for  the 
kindly  furnished  possibility  for  the  work  in  the  high-frequency 
laboratory  and  to  7.  G.  Tel'kovsXiy  for  the  aid  in  the  organization 
of  ex  peri sent. 
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Discussion. 


V.  S.  Davidovski y.  Did  investigate  you  fatigue  of  aetals  with  the 
intacaittent  loads,  created  toy  field  5  *Bz? 


V.  s.  Panasyuk.  As  it  was  already  said  in  the  report,  we  investigated 
the  aodal  of  the  accelerator  of  one- tine  action.  Model  worts  on  the 
electrons  in  the  low  fields. 


Ye.  Skhvabe.  To  what  aaxiaua  energy  do  intend  you  to  construct 
accelerator? 


7.  s.  Panasyuk.  the  predicted  following  step/pitch  -  construction  of 
the  accelerator  of  protons  to  energy  Q  of  5  Gev. 


Fig.  3.  Oscillograas  of  tae  iapulsa/aoaentua/pulse  of  aagaetic  field 
(1),  iapulsa/aoeeataa/pulse  of  radxo- frequency  voltage  (2)  and 
iapulsa/aoaea tua/pulse  of  braking  t  -  study  (3).  Interval  between 
the  aarkars  1  Ms. 
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Page  173. 

J Mat.  dse/appLication  of  the  kickars  with  the  fields  120  koe  in  thn 
unit  of  the  conversion  of  accuaula toc/st orage  VEPP-3. 

T.  A.  Vsevolozhskaya,  T.  ET.  Vecheslavova,  L.  L.  Danilov,  V.  3. 
Karasyak,  G.  I.  Silvestrov,  8.  8.  Trachtenberg. 

(Institute  of  nuclear  physics  of  SO  AM  tJSSH)  . 

At  present  is  developed  xntecest  in  the  creation  of  the  reliably 
working  devices/eguipaent  with  the  pulse  aagnetic  fields  100-200  kOe. 
However,  in  expariaental  nuclear  physics  propagation  received 
solenoidal  type  only  aultiturn  systems  with  unifora  aagnetic  field 
[1,  2].  These  devices/eguipaent  possess  convenient  geometry  for  the 
perception  of  considerable  dynamic  loads,  supply,  purtheraore,  it 
aust  be  noted  that  the  range  fields  indicated  did  still  not  find 
use/a ppLication  in  optics  of  the  transportation  of  the  charged/loaded 
particles  and  accelerative  technology. 


In  the  work  are  examined  created  in  ITaP  SO  AM  in  connection 
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with  optics  of  the  conversion  of  positrons  on  the  setting  up  7EPP-3 
[3]  tha  singla-tura  pulse  rotary-focusing  aagnets  with  the  field  120 
kOe  and  the  prascribed/assigned  peraanent  gradient. 

The  rational  dasign  or  such  systeas  aust  satisfy  the  series/row 
of  the  requiraaents,  which  concern  strength,  hardness  and  selection 
of  the  aaterial  of  the  current  carrying  busbars /tires:  high  theraal 
conductivity  and  heat  capacity,  acceptable  strength  characteristics 
and  life.  Essential  are  also  the  probleas  of  the  creation  of  contacts 
to  the  high  current  densities  and  heat  abstraction,  which  separates 
in  the  conductors.  Furthermore,  the  work  of  aagnets  is  connected  with 
the  Large  frequency  of  cycles  of  ainiaua  life  on  the  order  of 
aillions  of  cycles. 

The  paraaeters  of  the  kickers  one  of  which  focuses  electrons  to 
the  converter  fl 4  and,  etc.  accuaulate  the  converted  positrons  hz, 
they  are  given  below: 
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PlBHOBPCHMit  paUMVC,  CM . 

(^Vmn  noDopoT.i,  rpan . 

( 3>l  Iok,i  vvrp.ib  cunaa  nona  n  ....  . 

/<0't>OKVCIIOP  P-ICCTOflHHf,  CM . 

^SJ3HPprHS  ’UlCTHU,  M.B . 

£W0I.ICOTa  IIIMH,  CM . 

anpp-rypn,  cm . 

(3>)  Maxell Mani.Hoc  no/ip,  ic=> . 

Maxell ManhHbirt  tok,  xa . 

(j?>\  IllayKTMBHOCTb,  MXrM . 

(F>  l.TMTPnbHOCTb,  MKCPK . 

(’3\  neprHfl  MarHMTHoro  nonsi,  xoat.  . 

4'>)\'a CTora  noBTopeHKn  itMnynbcoB.ru 
(f1?  peaHHR  MouiHocTh  rennoBux 

•  torepb,  KBT  .  .  . . 

£'*/TennoBOii  Hanop,  bt/cm^ . 

Kay:  (1).  Equilibriue  radius,  cm.  (2).  Angle  of  rotation,  dag.  (3). 
Index  of  field  slope.  (U).  Focal  length,  cm  (5).  Energy  of 
particles.  He7.  (6)  .  Heignt  of  tire.  cm.  (7)  .  Radial  aperture.  Cm- 
(8).  Naxiaua  field.  kOe.  (9).  daxiaua  current.  kA-  (10).  Inductance. 
mH.  (11).  Duration.  »s,  (12).  sagnetic  energy.  kJ.  (13).  Frequency  of 
repetition  of  iapulses/aoaenta/pulses.  32.  (19).  Average/aean  power 
of  heat  losses,  kti.  (15).  Theraal  pressure  head.  ti/ce*. 


The  construction/deargn  of  electronic  aagnet  is  represented  in 
Fig.  1.  In  aagnet  opening  tne  external  and  internal  current  carrying 
busbars/tires  are  shaped  in  the  fora  of  ellipsoids  of  resolution.  On 
the  ends/faces  the  shaping  snoothly  cons erts/transf ers  into  the  high 
flat/plana  currant  inputs  with  the  deseloped  contact  surface.  For 
shaping  of  fringing  field  current  distributing  and  that  coaautates 
busbars/tires  with  rectangular  input  and  outlets  for  the  transmission 
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of  particles  tiara  the  special  snaps,  repeating  the  geoestry  of  tbs 
currant  carrying  busbars/txres  on  the  ands/faces.  3usbars/tirss  with 
excaption  of  contact  places  are  covered  with  insulator  froa  epostek. 
Expedients  in  tha  investigation  of  contacts  showed  the  lack  of 
pcoaisa  of  the  creation  or  contacts  to  the  current  density  of 
full/total/coaplete  operating  field  *  on  tha  order  of  100  kA  on  1  cs 
of  haight  of  tire:  iue  to  the  large  thecial  and  dynaiic  loads  is 
observed  the  sparking  of  contacts  after  several  thousand 
in pul ses/soienta /pulses. 
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Pig.  1.  Pulse  aagnet  in  the  field  120  XOe.  1  -  power  banding  nade  of 
transformer  steel;  2  -  a post ex  basing  and  simultaneously  power 
inserts/bushings;  3  -  power  wedges;  4  -  insulator;  5  *  internal 
shaped  busbar/tire;  6  -  external  shaped  busbar/tire;  7  -  power 
cower/cap;  8  -  coaeutating  busbar/tire;  9  -  insulation/iso la tioa  of 
aagnetic  circuit;  10  -  currant  input;  1 1  -  current-conducting  busbar; 
12  -  channels  of  cooling. 


Page  174 
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In  the  consttuction/design  la  question  contact  surfaces  are 
strongly  developed,  which  aakes  it  possible  to  decrease  the  current 
density  3-4  tines.  In  this  case  we  proceed  fron  the  fact  that  the 
iapedance  of  contact  transition  does  not  depend  on  the  area  of  the 
overlap  of  tha  contacting  electrodes  and  is  determined  by  the 
full/total/coaplete  force,  created  by  bolted  joints.  The  width  of 
contact  joint  should  not  ne  taxes  aore  than  three  skin-layers,  but 
haight  is  datarainsd  by  tha  arrangeaent/position  of  the  necessary 
nuaber  of  bolted  joints.  Purtaeraore,  where  this  is  possible,  is 
nacessary  to  abstract/reaove  the  heat,  which  separates  in  the  contact 
rasistance  directly  in  the  place  of  contact,  which  aakes  it  possible 
raliably  to  work  at  the  current  densities  on  the  order  of  30  kA  on  1 
ca  of  length. 

As  the  aateciai  of  bus  bars /tics*  is  utilized  the  chronlan  bronze 
BcKh-0.5,  which  has  after  the  special  heat  treatment 
(harlening/guenshing ,  iaprovenent)  Brinell  hardness  on  the  order  of 
120  ones. 

Radial  fixation  of  busoars/tiras  is  provided  by  expostek 
inserts/bushings,  prepared  froa  the  glass-fiber  cloth,  saturated  with 
epoxy  resin  by  the  aethod  aonolith.  In  this  case  the  fiber  stress  is 
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selected  perpendicular  to  the  acting  force. 

The  busbars/tires,  ass e no led  together  with  the  inserts/bushings, 
are  inserted  into  the  banding,  which  is  the  laainated  ■ agnatic 
circuit  in  the  rigid  housing,  and  the 7  are  confined  with  the  aid  of 
two  pairs  of  the  steel  hardened/ta spared  wedges,  isolatad/insulated 
froe  the  aagnetic  circuit.  The  effort /f ores,  developed  with  wedges, 
soaewhat  exceeds  the  force,  created  by  aagnetic  pressure.  Pros  eagnet 
ends  current  distributing  and  that  connotates  busbars/tires  are 
tightly  forced  against  the  ends/faces  of  the  current  carrying 
busbars/tires  by  two  power  covecs/caps  with  the  openings/apertures 
for  wiring  of  bundle.  The  use  of  the  laainated  aagnetic  circuit, 
besides  the  guarantee  of  the  necessary  for  hardness 
construction/design  due  to  the  liaitation  of  return  flow,  increases 
the  effectiveness  of  aagnets  (we  we  define  it  as  relation  h,^  /W  b7 
i5-20o/o.  This  aethod  of  fixation  of  the  current  carrying 
busbars/tires  wakes  it  possible  to  create  the  construction/design  in 
which  the  prestressad  parts  under  the  affect  of  one  and  the  sane 
alternating  load  have  higher  safety  factor  on  the  destruction,  which 
guarantees  their  large  life.  Hith  the  work  the  joint  between  the 
insart/bushing  and  the  knowingly  rigid  busbars/tires  is  not  opened 
and  the  value  of  eaxieun  peak  voltage  does  not  exceed  yield  point. 
Thus,  froe  the  condition  of  the  nondeployeent  of  the  joint  of  the 
prestrassad  construction/dasign,  eaxiaua  peak  voltage  QmaB*®0+KeduM  * 
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is  deterained  by  the  relation  of  the  hardnesses  of 


1+Cj/Cm 

insert/bushing  (c3)  end  the  ousbars/tiras  (c,,,),  and  static  stress  fros 
pcelieinary  loading  <3o  =  60uh,  where  erflUM  -  amplitude  of  voltage  ender 
the  affect  of  the  iipulsa/aoaaatua/palse  of  eagnstic  pressure.  Bhen 
_2i_  25  variable  coaponent  has  a  value  of  order  15o/o  froa  or0> 

which  substantially  raises  the  service  life  of  the  aaterial  of  parts. 
However,  in  aagnet  opening  aaterial  worts  on  the  fullAotal/coaplete 
dynaaic  stress.  It  is  known  £4]  which  for  calculating  the  dynaaic 
stresses  with  the  pulsating  load  is  sufficient  to  know 
dynamic-response  factor  j<  This  allows  at  the  known  value  of 

half-period  zg  of  the  natural  oscillations  of  systen  to  fit  such 
duration  of  the  pressure  ia pulse  of  aagnetic  field,  for  which  the 
dynaaic  stresses  will  be  less  than  static  ones.  Thus,  with  x0  *  100  ps. 


<tu=  100  m«  in  the  region  of  aperture  °*75er«- 


Characteristic  for  the  single-turn  systeas  is  the  fact  that  the 
energy  loss  to  the  affective  resistance  of  conductors  is  defined  as 
W8/Wh  =*  2,a.io4-^g, that  for  arKh-0.5  (  p  =2.  io~°  oha.  ca  )  and  xu  -  100  tta 
and  \Km2  ca  coapose  -20o/o. 


In  the  given  construction/design  is  accepted  the  special 
"porous”  systaa  of  cooling:  water  drives  away  itself  through  the 
systaa  of  tha  channels  of  cooling  in  such  a  way  that  the  heat  is 
reaoved/taken  virtually  ia  that  place  where  is  separated/liberated 
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basis  power.  This  reduces  to  the  aininua  the  teaperature  differential 

on  the  aetal.  During  the  3Jtin  processes  the  heating  per  pulse 

AT-4.8-10"8!8—  ines  not  depend  on  the  pulse  duration  and  conposes 
CT 

— 30°C.  Steady  tanperature  of  -lQQ°c  with  the  expenditure/consuaption 
of  water  -100  1/nin. 


To  shaping  of  field  in  the  aperture  of  iron  free  systens 
(distribution  n  according  to  a  radius  and  according  to  the  height) 
significantly  is  eanifestad  relative  change  in  the  radios  hB/B  and 
ratio  of  height  of  tire  to  radial  aperture  .  Turtheraore#  height 
of  tire  deteraines  even  and  the  effectiveness  of  aagnet. 


The  generatrices  of  the  current  surfaces  of  bu s bar s/t ires ,  which 
fora  field  in  aagnet  opening#  we  are  given  in  the  fora  of  ellipses 

_2  rfl 

where  «  is  defined  by  an  sguilibriua  radius  and  an  index 

*  '  Qn 

o£  1.  Values  €  for  each  of  the  surfaces  are  found  froa 

condition  je\,0  -  a*  ( ^  -  i). 


itith  the  sufficiently  aiga  busbar3/tires  field  coaponent  in  the 

pu  ..  to  u  ■  Sh  IT 

aperture  take  fora  Ht»const  —  >  hp—  const  where 

Cn*v-SW1  U  Cfl  V-6U1  U 


3tn  u  - S ,  - 

depends  on  a  radius  as  H2 - 
aperture  A^-ti  =■  with  R0 - 


",  Sa-/(x-o)»+i>  ,so  that  **>•“  Ha 

7==j|  and  nonlinearity  on  the  edge  of 

fpZ a* 

7,s  ca  gives  the  contribution  in  field 
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The  limitation  of  basbars/tires  on  the  height  is  conducted  by 
surface  with  tha  generatrix  in  the  foca  of  hyperbola  »  «*, 

where  value  r j  is  dataraiaad  by  height  of  tire.  Surface  with  such 
generatrix  is  a qui potential  for  the  fiald  in  the  aperture,  thanks  to 
which  the  field  distortion  due  to  the  linitation  of  height  of  tire 
proves  to  be  ainiaua  at  their  prescribed/assigned  height.  At  the 
selected  heignt  of  tire  the  distur Mace/perturbation  of  the  index  of 
a  fiald  slope  on  the  edge  of  aperture  A*-*!  ca  coaposes  (according  to 
the  calculations)  lOo/o. 

Page  175. 


Essential  for  the  optical  properties  of  aagnat  is  the 
contribution  of  the  fringing  fields  of  input  and  outlets  (in  the  end 
ones  the  coaautating  and  current-conducting  busbars  whose  width  it  is 
coepared  with  the  length  of  aagnet)  into  the  integral  of  field  along 
the  length  of  aagnet.  Their  effect  was  studied  in  the  aodel  and  it 
was  discovered,  that  the  coeautatxon  of  busbars/tires  accepted  with 
the  use/applicatioa  of  end  shields  provides  sufficiently  good  shaping 
of  fringing  fields,  so  that  integral  of  the  field  along  the  length  of 
nagnat  is  linear  on  R  and  on  i  with  precision/accuracy  -3o/o. 
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Thus,  it  is  possible  to  expect  that  the  use  o f  the  described 
signets  for  the  particle  focusing  in  the  unit  of  conversion  will 
ensure  the  collection  cf  positrons  in  calculated  phase  voluee  [3], 

The  supply  of  aagnets  is  accoapli3hed/realized  froa  the  pulse 
generator  with  reactive  power  1.5  SB  on  aagneto  controlled 
valves/gates  [5].  For  agreeing  the  load  with  the  generator  is 
utilized  cable  type  peak  transformer  with  the  transforaation  ratio  10 
and  a  saall  leakage  inductance  cn  the  order  of  4  nd  (see  Pig.  2) . 

At  present  aagnets  are  tested  on  2.5*10*  lapulses/aoaenta/pulses 
in  the  aode/conditions  100-120  toe.  Substantial  changes  in  the  state 
of  the  current  carrying  busbars/tires  and  epostek  insert/bushing  it 
is  not  observed.  Pig.  3  depicts  the  positron  aagnet, 
established/installed  on  the  coupler  for  the  assembly. 
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Pig.  2.  Psa*  transformer.  1  -  i asu la t ion /isolation  of  primary 
winding;  2  -  introductlons/iaputs  of  prinary  winding;  3  - 
iasulation/isolation  of  aagnatic  circuit;  4  -  coaposita  aagnatic 
circuit;  5  -  turn  of  secondary  winding;  6  -  flat/plana  turn  of 
priaary  winding;  7  -  low-induction  output  of  secondary  winding. 


Pig.  3.  Signet  with  the  transforaer  on  tha  coaplex 
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53.  Hydraulic  Systems  with  Electronic  Control  for  Magnets  of 
Beam  Output . 

V.  Klok. 

(Rutherford  High-Energy  Laboratory,  England). 

1.  Introduction. 

This  report  describes  mechanisms  used  in  beam  output  systems 
according  to  the  Pichchioni  [1]  diagram  on  the  ’’Nimrod"  synchrotron. 
The  large  aperture  of  this  accelerator  makes  it  necessary  to  use 
large  output  systems  with  magnets  weighing  on  the  order  of  1000 
kg  which  must  be  moved  50  cm  in  around  0.5  s  at  a  repetition 
frequency  of  22  min 

The  working  cycle  of  these  mechanisms  is  shown  in  Pig  1. 

The  size  of  the  time  interval  between  the  injection  plateau  and 
the  rapid  cutoff  of  the  beam  is  around  800  ms  in  the  normal  mode 
of  the  accelerator,  which  corresponds  to  energy  of  7  GeV;  however, 
the  required  time  lag  of  200  mg  after  injection  and  50  ms  before  cut 
cutoff  actually  decrease  the  duration  of  the  working  cycle  of 
the  output  magnet  ot  550  ms.  At  energies  below  7  GeV,  this  time 
can  be  decreased  to  400  ms. 

Speeds  of  this  order  of  magnitude  require  a  peak  power  of 
around  114  kW,  which 


DOC  *  30069214 


pass  yti 


is  transferred  through  tha  hydraulic  actuating  aechanisa.  Tha  flow  of 
oil  to  hydraulic  piston  has  tha  aaxiaua  value  of  5  1/s  at  a  paah 
pressure  of  206  bars,  and  during  tha  production  of  these  aechanisas 
thera  did  not  axist  relay  valves  for  the  control  of  this  level  of 
flow.  Therefore  hydraulic  power  was  created  by  puap  with  the  slant, 
which  has  variable/alt ernating  productivity. 

2.  Hydraulic  aechanisa. 

Pig.  2  snows  tha  aecaanisa  of  tha  3ystea  of  conclusion/output  in 
that  fora,  in  which  it  existed  to  tha  setting  up  to  the  accelerator. 
Hydraulic  systaa  is  asseaoied  on  the  bogie/carriage.  Plunger  is 
arrangad/locatad  froa  above  and  through  tha  transaitting  shaft  is 
connected  with  the  deriving/concluding  aagnet.  Puap  with  the  slant 
and  hoaing/driving  engine  are  establishad/installed  under  the 
bogia/carriaga.  The  bogie/carriage  novas  over  the  rails,  to  which  it 
is  usually  fastened  with  eight  hydraulic  jacks.  Puaps  at  the  end/lead 
supply  pressure  to  the  basic  puap  and  to  the  tarainals.  The 
deriving/concluding  aagnet  lies/rests  on  shaft  butt  end,  which  speaks 
in  favor  of  the  cover/cap  of  jacket,  and  rests  on  the  rails  within 
the  vacuua  voluae.  The  feeding  power  is  supplied  to  tha  aechanisa 
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with  the  lid  of  the  flexinle  connectors  f row  the  side  the 
bogie/carriage  through  tha  water-cooled  ducts  above  the 
construction/desiga  and  tarouga  the  flexible  tubes  above  the  arch.  la 
the  lowar  part  of  the  area  are  arraa gad /located  tha  rapidly 
disco naectted  connectors,  waica  provide  the  rapid  reaoval/distaace  of 
arch  and  aagoet  and  can  draw  current  to  14000  A.  Shaft  enters  into 
the  vacuua  voluas  through  labyrinth  type  three-stage  aultiplexiag. 

The  supply  of  the  coacroi  systems  to  check  is 
aocoaplishad/cailized  througa  25-  strand  flexible  cables  which  are 
visible  in  tha  foreground. 

2.1.  Oiagraa  of  control. 

Qua  to  tha  voltages  in  by  incliaatioa/slope  disk  the  aaxiaua 
acceleration  of  plunger  is  Halted  by  value  5g  (49  a/s*) ,  so  that  the 
ideal  characteristic  curve  of  aechanisa  aust  take  the  fora,  shown  in 
Pig.  3.  In  this  ideal  curve  both  tae  acceleration  and  speed  they 
reach  the  aaxiaua  allowed  values  for  tha  ainiaua  duration  of  working 
stroka/cycle.  Fig.  3a  illustrates  two  periods  of  unifora  acceleration 
in  tha  beginning  and  at  the  end  of  the  working  stroke/cycle.  3b 
show  tha  period  of  constant  velocity  which  in  the  ainiaua  duration  of 
working  stroke/sycle  would  correspond  to  the  peak  output  of  puap. 

Pig.  3c  shows  the  resulting  curve  of  the  dependence  of  displaceaent 


•  .  vT' 
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on  tne  tiaa. 

Pig.  4  gives  the  scheaatic  of  the  control  systaa.  The  error 
signal  froa  the  coaparator  passes  through  the  dc  amplifier  to  the 
relay  valve  whose  exit  flow  is  proportional  to  value  and  polarity  of 
input  currant  Tha  usually  control  currant  10  aA  creates  the  hydraulic 
flow  of  0.7  1/s  at  the  operating  pressure  of  206  bars.  Belay  valve 
noves  performing  puap  piston  with  the  slant. 
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Pig.  1.  The  tine  characteristics  of  the  wort  of  the  systems  of  the 
conciusion/output  of  accelerator  "Biarod".  a)  the  prograa  of  the  work 
of  aagaet;  by  rapid  discharge/breaa;  c)  slow  discharge/break;  d)  the 
workiag  stroke  of  the  aechaaisa  of  the  systaa  of  conclusion/output. 


Kay:  (1).  Plateaus.  (2).  'uild-up/growth  of  curraat.  (3).  Decrease  ia 
curraat.  (4).  Plateaus  of  injection.  (5).  "inside".  (6).  only  rapid 
discharge/break.  (7).  as.  (3).  "outside".  (9).  Tine. 


DOC  =  80069214 


pk&z 


Pig.  3.  Ideal  fora  of  tae  iapulses/nonanta/pulses  of  position,  speed 
and  the  acceleration,  utilised  for  the  control  of  the  aechanisas  of 
the  3ystea  of  conclusion/output  *niarod". 


Kay:  (1).  Acceleration.  (2).  constant.  (3).  constant  velocity.  (4) 
Speed.  (5)  .  Tine.  (6) .  Position. 
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Pig.  4.  Schematic  of  the  control  or  the  aechanisns  of  the  systea  of 
conclusion/output  "Kiarod".  1  -  zero  adjustment  and  phase;  2  -  the 
phasa-sansiti va  ractifier;  3  -  sea so c  of  the  angle  of  the  slope  of 
disk;  4  -  comparator;  5  -  dc  aaplifier;  6  -  relay  valve;  7  -  peep 
with  tha  slant,  which  has  variable /altar anting  productivity;  8  - 
synchro  generator;  9  -  desodulator;  10  -  position  detector;  11- 
eagnet;  12  -  plunger. 

Key:  (1|  .  Outside.  (2)  .  Inside. 

Page  178. 

2.1.1.  Puep  with  the  slant. 
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The  isoeatric  projection  or  puap  with  the  slant  (Pig.  5)  shows 
the  dish  which  can  be  inclined  is  any  direction  under  the  effect  of 
the  pressure,  created  by  the  percussion  of  the  pulling  rods.  The  flow 
of  oil  fron  the  relay  valve  aoves  perfuming  plungers  and,  thus, 
turns  slant  to  the  necessary  angle.  On  other  end/laad  of  the  puap  is 
arranged/located  the  rotating  cylindrical  unit,  powered  through  the 
shaft  with  tha  aid  of  the  alectric  aotor  in  power  45  kw.  within  the 
cylindrical  unit  are  astanlished/installed  aight  pistons  whose 
ends/leads  are  forced  by  springs  against  slant.  During  the  rotation 
of  cylindrical  unit  each  piston  novas  over  the  surface  of  the  slant 
which  forces  pistons  to  coaplete  the  forcing  action,  determined  by 
the  valae  of  incline tioa/slope.  In  this  case  oil  is  supplied  to  the 
plunger  through  the  plates  with  the  openings/epertures,  aotionlessly 
e3tabllshed/installad  at  the  end/laad  of  the  rotating  cylinder. 

2.1.2.  Reaction  circuit. 

In  order  to  lock  contour/outline,  the  position  detector, 
installed  on  the  slant,  supplies  feedback  signal  to  the  coeperatoc. 
Sensor  is  actually  the  freely  connected  transforner  with  the  eovable 
icon  core,  excited  by  the  stabilized  sine  voltage  24  V  by  the 
frequency  of  3  kHz.  The  phase- sensitive  rectifier  converts  the  output 
signal  of  transforaer  into  the  direct  current. 
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Mall  circuit  introduces  the  compensating  co®££ici®at  which 
renoves  th®  errors  in  position  of  zero,  created  by  other 
eleasnts/cells.  For  the  stanilizntion  of  the  contour /oat line  which 
possesses  the  characteristics  of  tee  second  order,  is  utilized  the 
phase  balancer. 

2.1.3.  Position  detsetor. 

The  signal  of  the  position  of  plunger  is  obtained  fron  the 
linear  variable/alternating  hybrid  coil  and  are  converted  it  into  the 
direct  current,  this  signal  tney  convert  with  the  aid  of  the  synchro 
generator  and  through  the  reaction  circuit  supply  to  the  coeparator. 

Pig.  6  shows  the  scheeatic  of  the  position  detector  which  has 
working  stroke  SO  ci.  Transformer  has  priaary  winding  by  the  length 
of  110  ca  and  two  secondary  with  a  length  of  55  cn  with  turn  ratio, 
equal  to  1.  The  moving /driving  core  is  the  ferrite  with  a  length  of 
55  ca  and  with  a  diameter  of  13  ca,  fastened/strengthened  to  the 
plunger  and  moved  along  the  axis/azls  within  the  f rasework/body  of 
the  windings  of  transforaer.  when  ferrite  core  is  located  in  position 
1,  on  secondary  winding  1  fall  about  95  T,  and  on  secondary  winding 
by  2  -  about  5  1.  If  core  is  located  in  position  2,  these  walaes 
transpose.  The  rectified  output  signals  have  saw-tooth  fora  end  are 
utilized  for  obtaining  control  signals  for  diagran  in  Fig.  7. 
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Pig.  S.  The  general  vie*  of  pnap  with  the  slant  of 

variabla/alternating  dlsplaceaent  (70  20).  1  -  palling  rod  of  disk;  2 
-  pecforning  plunger;  3  -  slant;  4  -  pistons;  5  -  rotating 
cylindrical  unit;  6  -  drain  hole  of  housing;  7  -  plate*  which  closes 
opening/a pert  are ;  8  -  hydrostatic  holders;  9  -  bearing  of  slant;  10  - 
slider-type  plate;  11  -  crosshead  with  ball  bearing;  12  - 
slots/groowes  for  the  connection  of  the  second  pnap. 


Page  179 
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2.1.4.  Synchro  generator  (Fig.  7).. 

The  output  signal,  which  enters  the  cosparator.  will  be 
proportional  to  the  speed  of  plunger.  Signal  aust  have  the 
trapezoidal  fora  (see  Fig.  Jb) .  The  output  sensor  signal  enters  the 
aaplifiar  with  the  variable/alternating  aaplification  and 
cascade/stage  2.  which  is  saturated  on  the  high  signal  levels  at  the 
entranca.  Cutoff  point  which  corresponds  to  the  beginning  of 
delay /retardiag/decalerataon*  is  detarnined  by  the  potentioaeter  of 
cutoff  88.  Cascade/stage  2  noraaliy  worts  with  diode  D3  in  the  open 
state  and.  thus,  has  an  aaplification  factor,  equal  to  1.  The  Leading 
eiga  of  signal  is  foraed/shaped  with  circuit  C2-H4.  which  creates 
exponential  build-up  /growth;  however,  in  the  process  of 
delay /retarding/daceleration  diode  D4  disconnects  this  circuit. 

Inertia  leads  to  the  delay  of  functioning  and  provides  the  eoc7 
linear  acceleration  of  plunger,  than  this  follows  froa  the 
exponential  wavefora.  In  order  to  coapensate  for  the  effect  of 
inertia  in  the  process  of  delay/retac ding/deceleration,  to 
cascade/stage  2  is  supplied  the  signal  of  direct 
connection/coaaunication  on  the  speed.  This  signal  which  is 
established/installed  under  the  dyaaaic  conditions,  they  obtain  froa 
the  liagraa.  connected  with  cascade/stage  3.  The  beginning  of  the 
signal  of  direct  connection/coaaunication  is  deterained  by  the  diode 
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clamping  circuit  D1-R5,  and  ics  amplitude  -  by  potentiometer  S6. 

Operating  experience  showed  taat  due  to  the  gap  in  the 
sacbanical  conponents/linas,  connected  with  the  slant,  appears  the 
large  his  own  "backlas h".  In  order  to  bring  together  this  effect  to 
the  minimum,  the  amplification  of  the  controlling  contour/outline 
they  increase  10  times,  utilizing  a  diagram  with  the  large 
slope/transconductance,  in  proportion  to  the  output  signal  of 
cascade/stage  2  drops,  diode  01  finally  is  cut  off  and  detaches  the 
connected  with  it  impedance  of  feedback  B2.  Beginning  characteristics 
with  the  high  slope/transconductance  check  by  potentioeeter  89.  in 
practice  this  beginning  is  regulated,  supplying  to  the  mechanise  the 
positive  stopping  ef fort /force,  which  does  not  call  oscillations.  The 
initial  position  of  eechanise  is  established/installed  by 
potentiometer  37,  which  is  utilized  also  for  the  conpeasation  for 
residual  voltage  5  7  at  the  end  of  the  working  stroke  of  sensor. 

3.  Dork  with  the  use  of  cybernetic  control. 

In  order  to  ensure  autoaatic  scanning  and  recording  of  the  givee 
physical  experiments  on  the  accelerator,  the  control  systee  they 
expand,  switching  on  in  it  digital  buffer  de vice/eg ui peso t.  The 
controllable/controlled/inspected  parameters  are  the  radial  position 
of  plunger,  i.a.  the  position  of  the  deriving/concluding  eagnet,  and 
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radial  position  the  bogxes/carriages  (position  of  bogie/carriage 
relative  to  the  deriving/concluding  eagnet  will  affect  working  piston 
stroke) . 

3.  1.  Digital  position  detector. 

The  position  detector,  described  in  section  2.  1.3,  in  this  cass 
cannot  be  utilized,  since  it  records  the  aotion  of  plunger  only 
relative  to  bogia/carriage;  it  they  replace  by  optical  lattice  [2]  in 
langth  of  course  1  a,  which  is  established/installed  outside  the 
aechanisa  and  is  connected  with  the  plunger  with  coupling  rod. 

Lattice  contains  the  t hree-channel  optical  system:  two  channels  serve 
for  iataraining  of  direction  and  difference  count,  and  the  third  - 
for  absolute  aeasuraaent  of  zero,  k  counter  of  the  type 
"upward-downward",  calibrated  completely  in  the  values  of  an  absolute 
radius,  is  actuated  by  the  logical  signals  of  direction  fron  the 
lattice.  Zero  channel  is  utilized  for  discharge/break  and 
launching/starting  the  counter  in  the  middle  of  working  stroke. 
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Pig*  6.  50  -  cantinatar  sensor  of  linear  position,  utilized  in  the 
aachtaisas  of  tha  systea  of  conclusion/output  of  •Miarod".  a)  the 
scheaatic  of  sensor;  b)  the  shape  of  pulses  froa  the  outputs  of 
sensor. 


Kay:  (1).  Prinry  50  V  of  1  KHz.  (2).  Ferrite  core.  (3).  Secondary 
winding.  (4),  output.  (5).  Volts.  (6).  Position. 


kV  ■’  v  ' 
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Pig.  7.  schematic  diagram  of  syncaro  generator. 


Kay:  (1).  Initial  position.  (2).  Speed  forward  movement.  (3). 
Position.  (4).  Cutoff  point.  (5>.  large  slopa/transconductanca.  (6). 
Proa  sensor.  (7).  cutoff.  (8).  To  comparator.  (9). 
Launohing/starting.  (10).  Aaplituda. 
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This  procedure  aaites  it  possible  to  reduce  to  to  zero  probabilities 
of  the  aberrations  of  the  aeaory  unit  vhich  can  be  caused  by  the 
disturbance/breakdown  of  optical  path  by  dirt  particles  or  by  power 
losses.  In  the  latter  case  for  the  cessation  of  the  plunger  before 
the  collision  with  the  aechanical  end  stops,  which  can  lead  to  the 
damage  of  planger,  are  utilized  the  circuits  of  blocking. 

3.2.  Coebined  analog-digital  systea. 

The  scheaatic  of  systea  is  shown  in  Pig.  8.  Lattice  with  the 
resolution  100  m  sends  signals  to  counter  &  -  4  -  discharge  binary 
daciaal  counter  of  "Up-down*1  wnose  normal  count  is  changed  fron  2500 
to  7500  for  the  positions  of  eagnet  "outside"  and  "inside" 
respectively.  These  values  are  conveniently  utilizad.  since  they 
pernit  iaplenention  of  scanning  the  lieits  of  25  ca  in  each  direction 
and,  furthermore,  they  correspond  to  four  latter/last  to  significant 
digits  of  the  absolute  radius,  vhich  is  deteraining  the  position  of 
the  dariving/concluding  eagnet.  i.e.  to  radii  froe  1225.00  to  1275.00 
ca. 


Tha  standird  value  of  a  radius  obtains  froe  coaputational  device 
B) .  also,  during  the  working  stroke  of  eagnet.  which  corresponds  to 
position  "insiia",  they  compare  with  radius  k ,  which  are  deteraining 
the  position  of  eagnet.  Differential  count  (B-A)  is  converted  into 
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the  analog  fora  with  the  aid  of  the  polarized  digital-analog 
converts r  to  12  bits.  Than  is  ootained  control  signal  as  this 
described  in  section  2.1.4. 

In  order  to  exclude  tae  shock  about  the  end  stops  with  a  change 
in  the  standard  radius,  position  of  bogie/carriage  (counter  D)  they 
continuously  compare  with  a  standard  radius  and  tha  obtained 
difference  utilize  for  moving  of  oogies/carriages  to  position  D*B. 
Thus  they  do  not  allow/assuae  so  taat  the  end/lead  of  the  working 
stroke,  which  corresponds  to  position  "inside1*,  would  be  nearer  to 
the  motionless  end  stop,  than,  for  example,  0.S  ca.  in  order  to 
ensure  rapid  control,  adaxssioly  to  work  in  the  range  froa  3.5  to  5.3 
ca  froa  the  end  stop,  since  this  eliminates  the  need  for  each  tiae 
moving  bogie/carriage,  what  is  very  prolonged  procedure. 

For  siaplicity  the  aonitor,  which  controls  this 
operation/process,  is  not  shown  in  Fig.  8,  with  exception  of  suaaator 
C,  which  provides  the  constaat/invariable  position  of  standard 
"outside"  relative  to  bogie/carriage,  i.e.  at  the  given  distance  froa 
the  and  stop  "outside". 

4.  seneral/comaon/total  principles  of  operation. 

4.  1.  Osa  of  electronic  equipment. 
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la  the  process  of  work  of  the  accelerator  the  service  personnel 
can  deter nine  naif unctions  and  accoaplish/realize  a  repair*  without 
resorting  to  specialists*  aid*  because  of  the  use  of  electronic 
equipment  for  the  indication  of  malfunctions  and  indicator  lights  in 
the  circuits  of  blocking  and  logical  diagram.  In  this  case  is  applied 
the  equipment  with  the  safety  devices  and  the  auxiliary  battery 
supply*  which  provides  its  normal  functioning  under  the  aaergency 
conditions. 

Are  used  extensively  tae  interchangeable  noduli/aodules  and  the 
easily  changeable  mechanical  eleeents /cells*  which  nake  it  possible 
to  reduce  to  a  minimum  accelerator  shutdown.  At  the  sane  tine  are 
taken  measures  for  providing  of  personnel's  safety  for  whoa  it  is 
nacessacy  to  work  on  the  potentially  dangerous  equipment  of  such 
type.  Therefore  equipnent  tney  place  in  such  a  way  that  all  possible 
errors  in  the  determination  of  malfunctions  it  would  be  possible  to 
establish/install*  without  switching  on  main  engine.  If  in  the 
exceptional  facts  it  is  necessary  to  reveal  the  diagran  of  the 
checking  of  position  is  utilized  auxiliary  of  control*  which  aakes  it 
possible  to  slowly  move  plunger  from  one  end/lead  to  another.  For 
this  simply  displace  zero  diagraas  the  controls. 
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If  appears  tha  danger  of  the  pollution/contaainatioa  of  tha 
vacuus  voluae  of  "niarod*  by  cooling  water  of  the  lari wing /concluding 
magnet,  the  work  of  aagaet  is  blocked  by  the  devices/equipaent,  which 
ensure  insulation/isolation  of  the  vacuus  volune  of  accelerator  upon 
the  appearancs  of  a  leak.  Furthermore,  continuously  are  checked 
expeaditure/consunption  end  tenpernture  of  water  in  the 
iariving/concluiing  aagnecs.  Special  derices/equipaent  provide  the 
instantaneous  disconnection  of  high-current  power  supplies  with  the 
eaergence  of  eaergency  conditions  £3]. 
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Pig.  a.  Schanatic  of  tha  coabinad  systaa  of  control  of  aachanisa.  1 
zaro  adjustaant  and  phasa;  2  -  tha  phase-sensitive  rectifier;  3  - 
ssnsor  of  tha  aagla  of  tha  slop#  of  disk:;  4,  12,  19  -  coaparatoc;  5 
ds  aaplifiar;  6  -  rslay  valve;  7  -  paap  with  tha  slant,  which  has 
vari&bla/altarasting  productivity;  8  -  optical  lattica;  9  -  plnngar; 
10  -  synchro  ganarator;  11  -  digital-analog  convartar;  13  -  countar 
&;  14  -  aagnat;  IS  -  satting  up  of  radius  B  for  tha  position 
"inside”;  16  -  satting  up  of  the  langth  of  working  stroka;  17  - 
suaaator  C;  13  -  position  of  bogie/carriage  D;  20  -  bogie/carriaga ; 
21  -  angina. 
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Kay:  (1).  "inside".  (2) ."outside". 

Pig  a  181. 

4.2.  Sonitoring  equipment. 

Eteaote  control  of  the  work  of  foar  nechanisas.  utilized  oa 
"Sinrod",  acconplish/realize  by  a  method  of  contiauous  aeasurenent 
the  durations  of  working  stroke.  acceleration  and  and  position.  Is 
possible  also  the  visual  tasting  of  connections  and  aoving  parts  with 
the  aid  of  the  television  eguipaent;  television  caaera  is  noved  on 
the  rails  above  the  aechaaisas. 

4. 3.  Perf oraing  characteristics  and  reliability. 

the  pracision/accnracy  of  the  setting  up  of  plunger  depends  on 
value  of  the  backlash  of  pnap  vith  the  slant,  friction  in  the  plunger 
and  the  zero  sensitivity  of  relay  valve.  However,  characteristic  vith 
the  large  slope/transconductance  decreases  the  effective  value  of 
backlash  and  under  working  conditions  luring  the  prolonged  operation 
were  obtained  the  precisions/accuracies  ♦-0. 5  aa. 

In  the  latter/last  5  years  two  aechanisas  fulfilled  as  a  whole 
about  tOwlO*  the  ope rations/ processes.  In  1969  were 
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establishad/installed  two  additional  aachanisas.  At  first  utilized 
position  detectors  with  the  slipping  contacts.  Subsequently  thaa  they 
rapiacad  with  the  described  higher  contactless  pick-ups  on 
altar nating  current,  which  since  then  raliably  worked. 

Liter,  whan  work  be case  aore  stressed,  breakages  in  the  slant 
appeared  as  a  result  of  tae  high  required  peak  accelerations:  in 
order  to  bring  together  thaa  to  the  ainiaua,  it  was  necessary  to 
rastrict  the  acceleration  of  plunger  by  aaxiaua  value  Sg  (49  a/s*). 
Breakages  were  virtually  coapletely  removed  after  the  setting  up  of 
pump  with  the  smaller  efforts/forces. 

Praliainary  inf or nation  in  1970  until  August  shows  that  the 
systeas  of  conclusion/output,  switching  on  aagnets  and  power 
supplies,  worked  with  the  total  effectiveness  of  better  thaa  95o/o 
for  the  elongation/axteat  of  10 r  operations/processes.  Two 
aachiaisas,  astablished/iastalled  in  196  9,  fulfilled  2*10*  the 
openting  cycles  between  the  capital  repairs. 
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54.  Porsation  of  tha  aagnetic  cycles  of  intricate  shape  la  the  proton 
synchrotron  ITEP. 

1.  P.  Kleopov,  3.  I.  Kugushev. 

(Institute  of  theoretical  and  ezpariaeatal  Physics) . 

Depending  on  tha  character  coaducted  on  tha  accelerator  ITBF  of 
investigations  in  practice  tha;  are  applied  the  cycles  of  various 
foras,  beginning  fcoa  tha  si ap lest  cycle  with  tha  triangular 
graph/carve  of  current  to  the  cycle  with  two  areas/sitas.  The 
graph s/curwas  of  current,  which  correspond  to  thesa  cycles,  are 
represented  in  Pig.  la-d. 

Tha  practical  inpleaeatatloa  of  these  cycles  required  the 
solutions  of  saries  of  probleas,  connected  with  tha  phase  control  of 
the  waive  converter:  a)  selection  and  davelopsent  of  the  aethod  of 
phase  control;  b)  tha  devalopaent  of  tha  principles  of  the 
construction  of  tha  systaa  of  control  and  devices/aqalpaent,  entering 
it;  c)  the  davslopnant  of  the  schaaatic  diagraas  of  all 
davicas/aqnipaant  of  systaa,  their  nodal  studyings  and  axpeciaaats. 
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As  a  result  of  the  analysis  of  tha  in  principle  possible  aethods 
of  phase  control,  taking  into  account  tbe  accuaulated  experience  of 
the  operation  of  accelerator,  was  developed  tbe  aethod  of  tbe 
conbined  phase  control.  Tha  essence  of  this  aethod  is  illustrated  by 
tbe  liagraas  Pig.  2  based  on  tne  exaapla  of  the  fornation  of  coapound 
cycla  with  two  areas/sites.  Tha  iapulsas/aoaenta/pulses  of  phase 
control  are  generated  by  separate  for  each  aode /conditions  pulse 
generators:  rectifying  series  -  by  generator  Gl-?;  series  1  and  P  of 
area  -  3I-PL1  and  3I-PL2;  inverter  series  -  GI-1.  All  pulse 
generators  are  12-  phase  and  controlled  (open-closed  ).  In  the 
generator  of  the  rectifying  series  GI-v  are  two  synchronous  6-  phase 
static  phasa-displacer,  sixer,  with  the  aid  of  which  the 
ia pul ses/aoaenta /pulses  of  rectifying  series  can  be  nixed  on  the 
phase.  Raaaining  generators  Gl-PLI  SI-PL2  and  Gi-1  can  be  either 
phase-controllad  (if  necessary  for  the  correction  of  the  angles  of 
control  « j,  <x2  and  9),  or  not  controlled  on  the  phase  (in  the  absence 
of  the  need  for  tha  correction  of  the  angles  of  control).  Cycle 
begins  with  the  inclusion/coaaection  of  rectifying  pulse  train  ST  at 
the  negative  angle  of  regulation  -aj  (see  Pig. I  a).  Through 
tiae/teaporary  Interval  htai  *  20-40  as  is  switched  on  tha  palse 
train  of  the  first  area/sita  SP11  with  the  angle  of  control  S|.  The 
presence  of  pulsa  train  SP11  does  not  interfere  with  the  nor sal 
running  of  rectifying  sode/coaditions,  since  the 
iapulsas/aoaenta/pulses  of  series  SPL1  lag  on  the  phase  behind  the 
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iapulsas/aoaanta/pulses  of  sarias  ST.  Transition  into  tha 
node/conditions  ot  tha  first  araa/site  is  conducts!  at  tha  aoaaat  of 
tiaa  by  tha  displacaaaat  of  tha  iapalsas/aoaanta/pulsas  of 
ractifying  sarias  sv  in  tha  direction  of  tha  positive  angla  of 
control  (— ■ aj  —  +•  aj). 

Page  182. 


Por  tha  softening  of  transition  into  aoda/conditions  1  of 
araa/site  tha  iapulses/aoaanta/pulses  of  series  SV  are  displaced 
gradually  in  tiaa/taaporary  interval  Atai  *10-30  as.  Tha  law  of  a 
change  of  angla  «f(t)  in  tiaa  interval  is  assigned  by  tha 
prograa-tiae  control  unit  of  phase-displacer.  In  proportion  to  tha 
displacaaent  of  the  iapulses/noaeat a/pulses  of  series  SV  proceeds 
gradual  phasa-by-phase  transfer  of  control  of  valve  converter  froa 

tha  pulsa  train  SV  on  tha  sarias  of  tha  first  araa/site  SPL1.  Entire 

angular  range  of  the  displacement  of  the  SV  pulses  does  not 
exceed  100-110°.  The  pulses  of  series  SV  present  over  the  entire 
length  of  the  first  platform  does  not  interfere  with  the  normal 
courseof  the  first  platform,  since  in  the  case,  the  condition  +«6  <■ 
is  satisfied.  The  transition  to  the  second  rectifying  mode  is 
made  at  point  in  time  by  the  shift  of  the  rectifying  SV 

pulse  train  in  the  direction  of  the  nagative  angle  of  control 
in  time  interval  10-30  ms. 

hftac  transition  into  tha  aaconl  rectifying  aoda/conditions 
through  tiae/taaporary  interval  tha  pulsa  train  SPL1  is  rsplacad 

by  tha  paisa  train  of  tha  sacond  araa/aita  SPL2  with  tha  angla  of 
control  «*<«!.  Transition  into  tha  aoda/conditions  of  tha  sacond 

i 

araa/aita  (at  tha  aoaant  of  txae  Ataa is  accoaplished/realized  la  tiaa  j 
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interval  t&i>  analogously  with  transition  into  the  aode/coaditions  of 
the  first  area/site.  Through  ti.se/taaporary  interval  dtoft  after  the 
beginning  of  tha  a ode/conditions  of  the  second  area/site  the 
iapulses/aoaanta/pulses  of  series  SV  are  disconnected,  and 
phasa-displacer[ shifter ]  of  generator  317  are  reset,  which 
corresponds  to  tha  negative  eagle  of  rsgualtion  (-aj).  Transition  into 
the  inverter  aod e/conditions  (at  the  aoaent  of  tine  tu)  it  is 
conducted  by  tha  cutoff/discoanection  of  series  SPL2  by  the 
siaultanaous  inclusion /conn action  of  tha  pulse  train  of  the  inverter 
aoda/conditions  of  SI  with  the  angle  of  control  a„«iao°-  p  (0  -  the 
land  angle  of  the  ignition  of  velves/gates  in  the  inverter 
aode/conditions)  .  Cycle  is  coapleted  at  the  aoaent  of  tiae  tn  by  the 
cutoff/iisconnectioa  of  inverter  pulse  train.  Fig.  2b  depicts  the 
diagraa  of  a  change  in  the  effective  angle  of  control  «*(*),  *hile 
Pig.  2c  gives  the  graph/curve  of  the  current  of  valve  converter  in 
the  cycle  with  two  areas/sites.  Sith  the  foraation  of  cycles  with  the 
siapler  graphs/curves  of  current  (Fig.  1e-c)  the  nathod  reaains  the 
sane,  but  drop  out  these  or  other  functional  conponents  of  control. 
The  aethod  of  control  presented  possesses  the  series  of  the  iaportant 
advantages,  the  aain  thing  fros  which  is  the  possibility  of  obtaining 
the  f ull/total/coapiete  functional  decoupling,  i. a.  the 
full/total/conplete  freedos  of  any  rearrangeaents  of  separate 
devices/eguipaent  and  coapoaeats/liaks  of  systea,  it  is  iadepeadent 
of  each  other.  Furtheraore,  this  aethod  ia  the  difference,  for 
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exaapie,  froa  the  aathod  of  the  single  series  of  driving  pulses  [1] 
as  It  as  it  possible  to  sharply  lower  requireaents  for  the  synaetry  of 
phase-shifters  providing  in  this  case  the  very  high 

precision/accuracy  of  control  is  the  nodes /conditions  of  areas/sites. 
The  described  aethod  of  pnase  control  is  realized  by  the  authors  on 
the  proton  synchrotron  IT&?.  The  block  iiagraa  of  the  control  systea 
is  represented  in  Pig.  3.  Control  of  pulse  generators  3I-T,  GI-PL1, 
GI-PL2  and  31- 1  (coaautation  of  generators  and  control  of  stage  of 
pulse)  is  conducted  by  the  appropriate  electronic  devices, 
arranged/located  in  the  unit  of  control  (BO) . 
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Pig.  2.  Diagrams  of  phase  control,  a)  ~  tha  diagram  of  tha 
coaautation  of  tha  pulse  generators  of  phase  control;  b>  the 
af factira  angla  of  control;  c)  the  currant  of  Taira  conrerter 


Key:  ( 1)  .  deg . 
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la  tae  unit  of  starting  iapulses/aoaenta/pulses  (BSI)  are  placed  tha 
generators  of  starting  pulses  of  the  node  switch  and  device/equipeent 
of  their  synchronization.  Tha  initial  anglas  of  ragtilating  paisa 
ganarators  ara  established/iastalled  by  tha  phase  shifters, 
arranged/located  in  the  anit  BFI,  and  the  phases  of  starting 
iapulsas/noaenta/palses  are  assigned  by  the  phase  shifters  of  anit 
BPS.  Ia  tha  uait  of  relay  autoaatioa  (38 A)  are  arranged/located  the 
relay  daw  ices /equip sent  of  protection,  blockings,  signaling  and 
logic,  The  external  coaaands  (VK)  of  sensors  and  prograa-tiae 
devicas/aquipnent  of  accelerator  ara  iatrodaced  into  the  anit  BSI.  In 
the  units  of  the  peak  transforaers  of  Wt  i  and  &X"-r  2 
iapulses/aoaenta/pulses  of  generators  3I-PL1  and  Gl-Pt.2  ara  converted 
into  tha  narrow  peak  iapulses/aoaenta/pulses.  Two  hexaphase  groups  of 
output  paisas  Bl-is  and  BI>2S,  shifted  relative  to  each  other  the 
angle  r/6,  are  put  out  with  the  devicas/eguipaent  of  tha  foraation  of 
the  igniter  iapulses/aoaenta/pulses  of  the  valve  convertar, 
constructed  according  to  the  scheaatic  of  two  bridges,  connected  in 
parallel  through  equalizing  reactors  [2],  The  control  systea  allows 
for  the  possibility  of  the  foraation  of  the  basic  aagnetic  cycles  of 
any  given  in  Pig.  1  fora  during  their  alternation  with  the  cycle  of 
triangular  fora  for  the  bioaedical  targets,  which  has  the  relatively 
saall  aaplitude  of  current.  Pig.  4  depicts  the  oscillograa,  which 
corresponds  to  this  aode/conditions,  during  the  basic  cycle  with  two 
areas.  Tha  control  systea  is  constructed  coapletely  on  the 
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saaiconductoc  levicas  with  sufficient  supplies  according  to  the 
coefficients  of  thalr  loads*  that  provides  the  nean  ties  of 
failure- free  operation  not  less  than  3000  hour.  Experience  of 
pareanent  operating  confireed  the  effectiveness  of  the  selected 
eathod  of  phasa  control  and  the  high  reliability  of  systee.  Soee 
characteristics  of  the  systee  of  phase  control  are  given  below. 

Aayeaetry  of  static  phase* shifters  with  the  range  100*110  deg  is 
not  aora  than  1*2  dag. 

As yeast ry  of  tha  iapulses/aoaeata/pulses  of  the  generators  of 
areas/sitas  SI-PL1  and  GI-PI.2  . ..  is  not  tore  than  0.1  deg. 

Asyaietry  of  the  iepulses/eoeeata/pulses  of  the  generator  of  inverter 
node/conditions  ...  is  not  sore  than  1*2  deg. 

The  luration  of  rectifying  eodes/conditions  ...  is  not  nore 

than  1.3  s. 

The  luration  of  tha  eode/conditioas  of  areas/sites  tnJn  and  tnj,2  . ..  is 
not  aore  than  0.  35  s. 

The  duration  of  inverter  aode/conditions  ...  is  not  sore  than  0.65  s. 
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Da  rat  ion  of  the  progressed  rotations  of  iapulses/eoeenta/pulses  by 
static  phase- shifters  Ata1,At5a ,  Ataa  . ..  10-40  as. 

Bangs  of  regulating  the  phase  of  the  driving  pulses  of  the  rectifying 
sarias  ...  of  100-110  deg. 

Value  of  the  negative  angle  of  regulating  in  rectifying 
■ode/conditions  ag)  .. .  10-15  deg. 

Liaits  of  the  angle  of  regulating  in  the  nodes/conditions  of  the 
areas/sitas  ...  of  6  0-85  deg. 

Slopa/transconductance  of  the  driving  pulses  ...  of  100-200  T/deg. 

The  initial  lead  angle  of  the  ignition  of  valves/gates  in  inverter 
aoda/conditions  (8)  ...  is  not  aore  than  40  deg. 
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55.  Measuraaaat  of  the  static  and  dynaaic  paraaeters  of  aaterials 
vith  tha  non  rectangular  loop  of  hysteresis. 

t.  Z.  Bar abash,  ?.  I.  Lebedev,  L.  H.  Plyashkevich. 

(Institata  of  theoretical  and  axperiaental  physics) . 

During  tna  design  of  the  resonators  of  the  accelerating  stations 
with  the  rearrangenent  of  frequency  arises  the  question  about  the 
aonitoring  of  the  uniforaity  of  the  ferrite  filler  of  resonators. 

Usually  in  the  resonators  are  applied  large-size  ferrite 
circuits  with  a  voluae  of  into  hundreds  of  cubic  cantiaeters,  in 
their  properties  which  differ  froa  the  saall  ferrite  rings,  it  the 
values  of  HP  induction  in  ferrite  one  hundred  and  aore  gauss  for 
aeasuriag  the  paraneters  of  large-size  ferrite  cores  are  required  Q  - 
eaters  by  power  into  several  kilowatts. 

Por  aeasuriag  the  static  and  dynaaic  characteristics  of 
large-size  ferrites  usually  are  utilized  poverf ul/thick  tuned 
aaplifiars,  and  aeasureaents  are  accoaplished/realized  on  the 
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oscillograph,  which  introduces  the  alaaant/call  of  subjectivity.  Ba 
proposal  tha  aathod  of  aeasursaent  both  of  the  static  and  dynaaic 
pacaaetacs  of  ferrites  based  on  the  aethod  of  puisa  iapulsing  in  the 
contour/outline,  which  contains  tha  aeasurad  object  (ferrite, 
ferroelectric  lialactric  etc.)  with  subsequent  processing  of  the 
results  of  aeasureaants  by  digital  coaputer  technology. 

Tha  aeasureaent  of  a  nuaoer  of  iapulsas/aoaenta/pulsas  (periods) 
for  the  calibrated  interval  of  tine  dataraines  the  average/aean  value 
of  frequency  and.  consequently,  also  p  cora  in  the  range  froa  to 
BUn+<c  .  Rafarenca  point  can  oe  shift  ed/sheared  in  the  tiae  for 
detaraining  the  dependence  p(3). 

Sinca  quality  Q  depends  substantially  on  3  -  high~fraqueacy 
induction  in  ths  ferrite,  it  is  expedient  to  aeasure  Q  as  energy  loss 
daring  ona  oscillatory  period,  i.e.  to  aeasure  the  aaplitude  of  two 
adjacent  oscillatory  periods.  Dying  oscillations  froa  ths 
contour/outline  ara  supplied  to  the  aaplitude  discriainator  which  is 
regulated  so  as  to  a  nuaber  of  iapulsas/aoaenta/pulsas  it  would 
increase  per  unit,  and  is  aeasured  voltage  difference.  By  a 
consecutive  change  in  the  level  of  discriaination  it  is  possible  to 
aeasure  dependence  3(3).  For  increasing  the  accuracy  of  aeasureaants 
is  suaaarised  the  count  for  several  cycles. 
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Dynaaic  characteristics  are  aeasurad  analogously.  Ferrits  will 

■agnetize  according  to  the  prescribed/assigned  law*  and  at  the 

sonants  of  tine,  which  correspond  to  the  specific  values  of  current# 

J 

are  aeasured  p*  Q  and  dependences  jj(B,  t,  dr/dt)  and  Q(B*  t,  fyt/dt) . 

For  the  resonators  of  the  accelerating  stations  of  the 

reconstructed  proton  synchrotron  XZSF  are  selected  the  ferrite 

circuits*  which  consist  of  6  oars  150x90x20  an.  Three  glued/ceaeated 

bars  fora  0-shaped  half-chain.  The  characteristics  of  each  bar  (to 

the  ceaenting)  aeasure  in  the  statics  and  the  dynaaics:  the 

charactaristics  of  seairing  -  only  in  the  statics.  For  the 

aaasursaants  of  static  bars  is  utilized  the  circuit*  which  consists 

of  two  bars  (one  standard)  and  two  inserts/bushings  30x20x20  as;  for 

aeasuring  the  dynaaic  characteristics  are  utilized  two  such  circuits 

(3  bars  of  standard  ones)  with  the  aagnetizing  winding  of  the  type  of 

eight.  Value  m  is  deterained  free  the  foraula 

1  _  6T*  108 

hwHoCj?  1,6«3naSCNa 

whara  I  -  averags/iean  length  of  aagnetic  line  of  force  in  the 
farrite;  S  -  section  of  ferrite  core;  r  -  tiae  of  aeasureaeat;  n  - 
nuabar  of  turns;  c  -  capacity /capacitance  of  contour/outline;  I  - 
nuaber  of  iapulses/aoaenta/pulses. 

During  tha  replaceaeat  of  one  bar  (half  circuit) 

A  ' '  AN 
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Bancs  it  is  apparent  that  tha  precision /accuracy  of  tha  aaasaraaaats 
m  of  bar  with  8*100  composes  4o/o. 

Precision/accuracy  aeasureaents  Q  determine  by  tha  aquation 

a  /  h«u  gii  6u  \  i 

m“4»(un  uh  aM  J  1+ii_ 

uw 

where  (ju  -  uM- uM+1 ;  hiu  -  error  m  measurement  du;  &u  -  tha  acroc  in 
aaasuraaant  uN  .  with  A  0*  ♦—  J  •  10” 1  andaJyt  io%  6%”  1-2%.  Tha  accuracy  of 
■easuraaants  oan  bo  increased,  if  aeasureaents  aro  ara  conductad  for 
several  periods,  for  exaapla,  to  u- o,75-o,5 tiawnn- However,  in  this  case 
it  is  necessary  to  know  dependence  9(B)  for  the  neasured  ferrite. 

Tha  given  procedure  can  oe  used  for  aaasuring  the  static  and 
dynaaic  characteristics  of  the  farrodielactrics  and  other  aaterials 
with  the  nonr act angular  hysteresis  loop.  Bethod  is  convenient  both 
for  the  detailed  laboratory  investigations  and  for  the  aass 
aaasuraaants  in  tha  plant  conditions,  since  it  does  not  require  the 
qualified  personnel  for  Chech  and  rejecting  the  articles. 
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56.  T9  shaping  of  field  in  the  electroaagnets  of  the  typo  of  "window 
frane". 

v.  D.  Borisov,  L.  H .  Vaulin,  B.  1.  Doynikov,  A.  S.  sinakov,  A.  s. 
Sudarushkin. 

(Scientific  research  institute  of  feha  electrophysical  equipaent  is. 

D.  V.^ltf  reeov) . 

Aa  alactroaagaet  of  the  typa  of  '■window  frame"  is  carried  to  the 
class  of  implicit-pole  magnetic  systaas  [ 1,  2],  which  are 
characterized  by  the  vary  weak  dependence  of  field  distributioa  is 
opera t lag  region  of  electromagnet  on  the  degree  of  saturation  of 
iron.  The  fiald  coils  of  a  comparatively  low  altitude  of  rectangular 
cross  section  with  the  small  "escape  of  end  connections"  allow/assume 
the  nsa/appli cation  of  nagaetic  screens  [3]  for  localization  and 
linearization  of  the  fields  of  scattering.  Certain  increase  of  the 
power  ia  such  electronagmmtm  in  comparison  with  the  salient  pole  ones 
is  completely  redeened  by  the  noted  earlier  advantages,  end  also  by 
the  large  effactiveaess  of  the  use  of  a  region  of  field  because  of 
the  high  degree  of  its  uniforaity  virtually  in  the  entire  zone 
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between  the  soils.  r he  coastructioa/design  of  electroeagaet  is 
characterized  by  siaplicity  and  absence  near  operating  region  of  the 
iatensely  saturated  sections  of  the  aagnetic  circuits  which  could 
lead  to  the  inadaissibly  large  field  distortions.  The  latter  are 
detected  only  with  inductions  B*  close  to  the  saturation  induction  of 
iron;  however  they  to  a  consider ah la  extent  can  be  corrected*  and  the 
interval  of  the  variation  in  the  induction  is  expanded  with  the  aid 
of  the  special  openings/apertures  in  aagnetic  circuit  [1*  4]*  located 
near  the  clearance  of  electroaagaet  on  the  edges  of  its  operating 
region. 

The  optiaization  of  the  pacaaeters  of  intra- jugular 
openings/apertures  (their  sizes/disenaions  aad  position)  is 
conducted*  a3  a  rule*  it  is  experiaeatal  as  a  result  of  very 
labor~C3nsuBing  searches  on  the  aodels.  In  spite  of  the  iatease 
developaent  of  the  eat  hods  of  aatheaatical  siaulation*  publication 
according  to  the  studying  calculation  procedures  in  connection  with 
the  case  in  question  are  absent. 

In  the  present  report  are  discussed  the  questions*  connected 
with  the  detareination  with  the  calculated  eethod  of  the  paraaeters 
of  the  corrective  open ings/a pert ores.  I  definite  interest  also  can 
present  proposition  on  the  suppleaentary  correction  of  field  and 
regulating  of  the  optical  paraaeters  of  electroaagnet  with  the  aid  of 
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tlte  turns  with  the  current,  placed  in  the  intra- jugular 
opening s/a pec tares. 

3a3ic  difficulty  dosing  the  use/application  of  nuaerical  aethods 
to  the  electcoaagnets  of  the  type  "window  frame"  with  the  corrective 
openings/apectuces  of  the  aagnetic  circuit  consists  of  the  need  for 
the  account  of  local  and  simultaneously  snail  effects  with  the 
sufficiently  high  precision/accuracy.  If  in  this  case  operating  speed 
and  warning  storage  of  coaputers  ace  snail,  and  the  use  of  auxiliary 
storage  on  any  reasons  is  inexpedient,  it  is  necessary  to  search  for 
suppLeaentary  systematic  possibilities  for  accelerating  of  count  and 
obtaining*  of  the  required  precision/accuracy.  In  <tnis  case  such 
possibilities  consisted  of  the  coabination  of  throagh  and  separate 
grids,  and  also  in  the  use/a p plication  of  a  multistage  grid. 

For  obtaining  the  zero  distribution  of  vektor  potential  A  was 
utilized  through  grid  witn  the  single  algoritha  in  all  its 
nodes/units.  Algoritha  was  obtained  under  the  assuaption  of  the 
piecewise  constant  distribution  of  aagnetic  permeability  (jj*const  in 
the  liaits  of  each  aesh  (5J),  and  the  ineterational  process  was 
accoaplished/realizad  according  to  the  aethod  of  over-relaxation  [6]. 
A  full/total/coeplste  quantity  of  nodes/units  was  liaitedly  on  top, 
and  the  sizes/diaensions  of  iron  considerably  exceeded  the 
sizes/diaensions  of  air  region;  therefore  the  stap/piteh  of  through 
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grid  Ms  coaparad  with,  the  latter,  so  that  the  finite-difference 
approximation  of  differential  equations  in  air  gap  proved  to  be  very 
approxiaate. 

Since  the  effect  interesting  is  snail  and  connected  with  the 
saturation  of  iron,  asserts  itself  the  representation  of 
full/total/coaplata  field  in  the  fora  of  the  sua,  which  consists  of 
ground  field  (m*“)  and  snail  addition.  This  target  answer  the 
succassive  approxiaations,  which  consist  of  the  successive  solution 
of  Dirichlet  problaas  that  relatively  modified  of  scalar  and  vektor 
potentials  respectively  in  the  "window**  of  aagnet  (linaar  task)  and 
in  the  aagnetic  circuit  (nonlinear  task)  with  the  anting  of  the 
solutions  along  tha  contour /outline  of  "window"  by  aeans  of  the 
assignaent  of  boundary  conditions  upon  transfer  to  tha  nonlinear  task 
froa  the  distribution  of  the  aoraal  component  of  induction  Bn  and 
upon  transfer  to  tha  linear  task  -  froa  the  distribution  of  the 
tangantial  component  of  the  intensity /strength  of  field  ht  [7,  8].  In 
this  case  the  effects  of  tha  saturation  of  iron  pro j act /ea ergo  in  an 
explicit  fora,  naaely  under  the  boundary  condition  of  linear  task 
(when  h,-o),  and  are  eliminated  tha  existed  previously 

inaccuracies,  caused  by  approxiaate  solution  of  Veunann's  task. 
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Haar  tha  corrective  openings/apertures  in  view  of  the  local 
character  of  field  distortions  it  is  nacessary  to  have  a  grid  with 
the  sufficiently  low  pitch.  One  should  also  note  that  in  each  region 
the  following  after  each  other  approziaations/approaches  differ 
virtually  little;  therefore  basic  tine  will  be  spent  on  tha 
calculation  of  first  a p pro zi nation,  if  we  each  tiae  neaorize  the 
obtained  array  of  the  unknown  function  in  order  to  only  refine  it 
taking  into  account  the  changed  noundary  conditions  during  the 
dateraination  of  the  following  approziaa tion/approach.  Hating  of  the 
boundary* value  probleas  convenxentiy  carrying  out  with  aultiple 
steps/pitches  of  grid  in  both  regions. 

On  the  basis  of  these  considerations  transition  to  the 
succassiva  approziaations  preceded  two-fold  reduction  of  the 
stap/pitch  of  grid  with  tne  siaultaneous  decrease  of  the  global 
ragion.  on  its  naw  boundary  was  assigned  obtained  earlier  on  the 
through  grid  with  the  step/pitch  h*0. 5  ca  distribution  A,  which 
subsequently  reaained  constant/invariable.  Pig.  1  iepicts  the  section 
of  aagnat;  dotted  line  isolated  the  region,  in  which  were  conducted 
succassiva  approziaations.  The  aultiplicity  of  the  step/pitch  of 
saparata  grid  is  equal  to  unit. . 

On  the  coaputars  "flinsk-2"  is  Bade  the  large  series  of 
calculations  for  different  sizes/diaansions,  positions  and  nuaber  of 
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corrective  ooenings/apertures.  The  series/rov  of  resalts  is 
represeated  ia  Pig.  2  sad  3. . la  the  case  of  "large"  opening/apertare 
the  field  proves  to  be  virtually  uni  fori  (<0.  lo/o)  all  over  width  of 
operating  region  up  to  inductions  B0 -  21, g  kg.  Apparently* 
analogous  field  can  be  obtained  also  with  smaller  openings*  but 
arranged/located  it  is  nearer  to  the  clearance  {$ee.£4j).  For 
calculating  this  version  it  is  necessary  to  additionally  reduce  the 
step/pitch  of  grid,  that  virtually  it  is  possible  to  carry  out  only 
on  the  coaputers  of  higher  class. 

In  the  calculations  was  utilized  the  dependence  m(B)  for  steel  3 
£9];  the  duty  factor  of  aagnetic  circuit  took  as  the  equal  to  0.97. 
According  to  Pig.  3*  the  calculated  and  experieental  data  are  in 
satisfactory  qualitative  and  quantitative  agreeeent. 

If  the  effact  of  openings/apertures  proves  to  be  insufficient 
or,  on  the  contrary,  too  great*  suppleaantary  correction  can  be 
conducted  with  the  aid  of  the  turns  with  the  current, 
arranged/locatad  both  on  the  poles  and  within  the  openings/apertures. 
In  the  first  case  will  be  required  saaller  current,  but  for  placeeent 
of  turns  it  is  necessary  to  provide  the  place  in  operating  region* 
which  will  lead  to  an  increase  in  its  height  with  all 
ensuing/escaping/flowing  out  consequences. 
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Pig.  1.  The  cross  section  of  electromagnet.  1  -  aagnetic  circuit;  2 
coil;  3  -  opacating  region;  4  *  corrective  opening/aperture;  5  - 
supplaaantary  turn  vith  the  current. 


DOC  *  80069214 


P  AG2  7#r 


Pig.  2.  Pi*li  distribution  la  th*  aodian  plan*  foe  two  typos  of  th* 
corractiw*  opsnings/aparturea.  1  -  without  th*  op*a  lags /a  p*ct  liras;  2 
-  with  the  openiags/aportures  and;  3  -  with  op*nings/ap*ctur*s  b  (for 
curvas  i  -  j  b  =  us.iu  leg)  ;  4  -  without  th*  op*ttiBgs/ap*rtur*s;  5  - 
with  opanings/ap*etur*s  b  (for  cur  was  4-5  u  •  u,:>  kg)  X  - 
calculation  lata  without  taaiag  into  account  duty  factor. 
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Pig.  3.  Field  distribution  in  the  aedian  plane.  1  -  experimental 
data;  2  -  calculation  data  on  the  through  grid  with  consideration  the 
duty  factor  <  B0  •  18  . 

Page  187. 

Intra- jugular  turns  with  the  current  are  less  effective;  however 
structurally /constructurally  this  version  is  siapler.  on  the 
possibilities  adaitted  through  the  openings/apertures  in  the  aagnetic 
circuit  turns  it  is  possible  to  judge  by  Pig.  9,  in  which  are 
represented  soae  results  of  calculation.  If  necessary  these  turns 
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uks  it  possible  directly  oa  tae  effect  to  produce  the  coepensation 
for  the  defects  of  production*  end  also  the  correction  of  the 
integral  characteristics  of  magnet.  Loading  snppleeentary  turns  is 
not  connected  with  any  complications  of  coaputational  program;  the 
duration  of  count  actually  remains  the  sane. 

In  conclusion  the  anchors  express  gratitude  to  the  colleague  of 
IPVE  K.  P.  Hyzniko?  for  the  great  organisational  assistance  while 
conducting  of  calculations  on  che  computers. 
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Pig.  4.  Piald  distribution  is  tha  aadian  plan*  da pan ding  on  tha 
currant  strangths  in  tha  corrective  opanings/aparturas:  1  -  without 
tha  openings/apertures  and  tha  currents;  2  -  with  tha 
opanings/aparturas,  3  -  with  tha  opanings/aparturas, 

-  with  tha  opanings/aparturas,  jt»0. 18  j,»0.75  jt ;  j  - 
currant  density;  bj  -  18,46  *g;  X  -  calculation  data  without  taking  into 
account  duty  factor. 


BBPEBBRCES 


OOC  *  30069214 


PAGE  J0 


1.  Status  of  tha  Argonne  12.$  5«v  Zero  Gradient  Synchrotron.  Particle 
Accelacator  Oiv.  Staff.  Interna tional/intar  conf  on  the  accelerators, 
Dubna,  1963.  S. ,  Atonizdat,  1964,  page  187. 

2.  H.H.  rtil  son.  Proc.  Sixth  Intpmat.  Conf.  on  High 
Energy  \rcelerators.  (  am bridge,  1967,  p.210. 

3.  K.fi.  Steffen.  Internal.  Conf.  on  High  Energy  Arrela* 
rators.  Hmokh  nven,  |9f>],  p.  { 17. 

4.  K.llolm  a,  K.  C.  Steffen.  Pmr.  Intemat.  Svmpos. 

Magnet  Terhnol.  Stanford,  1965,  p.  116. 

5.  P.  Con  eu  s,  Proc.  Intemat.  Svmpos.  Magnet.  Technol. 

Stanford,  1965,  p.  164. 

6.  H.  I.  Ooynikov,  A.  S.  SiaaJtov.  Ihrr,  1969,  39.  page  1463. 

7.  J.H.  Onrst.  Pmr.  Internal.  Svmpos.  Magnet  Terhnol. 

Stanford,  1965,  p.  182. 

8.  N.  1.  Doynikov,  A.  S.  siaakov.  the  transactions  of  All~0aioa 
conference  on  charged  particle  accelerators.  7ol.  1.  riHITI,  1970, 
page  319. 


9.  N.  I.  Doynikov,  S.  H.  j(pnarova,  A.  S.  Siaakov.  Preprint  the 
J.  Z.I.B.,  a.  13-41 34,  Dubna,  1966. 


DOC  ■  90069214 


PAGE  1ft 


57.  Nuclaar  stabilizer  of  aagnetic  field  with  the  liser eta/digital 
stabilization  systaa  and  control  of  frequency  of  aatodyne  detector 
NHR. 


Tii.  N.  Denis**,  P.  T.  ShisulyanniJcov. 

(Joint  Instituta  for  Nuclear  Research). 

Tha  nuclaar  stabilizers  of  stationary  aagnetic  fields  provide 
under  laboratory  conditions  the  aaziaua  stability  of  the  aagnetic 
field  of  alactroaagnets  and,  in  spite  of  the  relative  coaplexity  of 
equipaent,  is  found  an  increasing  use  in  the  technology  of 
accelerators,  aagnetic  analyzers  and  so  forth  [1,  2]. 

In  the  laboratory  of  the  nuclear  probleas  of  Joint  Institute  for 
Nuclaar  Research  are  developed  several  types  of  tha  nuclear 
stabilizers  of  aagnetic  field,  which  are  characterized  by  in  essence 
the  aathod  of  stabilization  of  the  frequency  of  transverse  exciting 
high-frequency  aagnetic  field  [  i,  4]. 
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frequency  fixing,  designed  foe  the  work  with  the  autodyne  da tact or 
S3 B,  in  which  the  raarraagaaaat  of  frequency  is  accoaplished/realizad 
by  varicaps  [5].  The  absaaca  of  tha  power  drive  usually  utilized  in 
the  sensor  SB 3  of  air  capacitors  substantially  expands  operational 
possibility  of  stabilizer,  since  sensor  can  be  arranged/located, 
also,  in  the  almost  inaccessible  places  of  the  clearance  of 
electroaagnet. 

Page  188. 


Tha  block  liagran  of  tha  nuclear  stabilizer  of  nagaetic  field  is 
shown  in  Pig.  1,  the  systaa  blocs  diagraa  of  setting  up  and  frequency 
fixing  of  autodyne  detector  MBS  of  stabilizer  is  given  in  Pig.  2. 

The  principle  of  the  operation  of  the  diagraa  of  installation 
and  frequancy  fixing  is  based  on  tne  periodic  coaparison  with 
standard  tie  a  interval  of  tiae  Ta,  necessary  for  the  filling  of  the 
register  of  calculating  decades/tea-day  periods  S4  0-10*  with 
adjusted  by  volume  with  A  iapulses/aoaenta/pulses,  which  follow  with 
adjustable  frequency  f®-  Equality  taese  tiaes  is  established/installed 
and  is  supported  by  the  effect  through  the  feedback  loops  on  the 
paraeetars  of  the  oscillatory  circuit  of  autodyne  detector  IB1.  The 
voluie  of  the  register  of  calculating  decades A*n-day  periods  changes 
by  aeans  of  the  preliminary  discharge/break  of  decades/ten-day 
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pariads  not  into  the  zero  state,  hut  to  nuaber  A'*10*-A.  If  we  select 

_  (rs 

Tj  »  93950  mkcok  j  (1) 

Key:  (1).  ms. 

then  vhan  a  praliainary  frequency  division  is  present,  40  tines 
(decade/ten-day  period  to  100  fftllz  and  tvo-digit  binary  dividers  on  10 
HHz) 

A  -  2348,75  (M^u),  (2) 

Kay:  (1).  KHz. 

On  the  other  hand, 

&(|TU0*  23*18, 79-  nP'.  .  (;i) 

i. e.  value  A  will  track  tae  aagnetic  field  in  the  adzes. 

Tha  countar  of  reference  frequency  with  a  aazinua  voluae  of  10* 
and  with  tha  faadback  to  6470  iapulsas/aoaanta/pulses  starts  triggers 
T1-T6  in  such  saquanca,  that  in  tae  presence  of  reference  oscillator 
on  1  3Hz  the  channels  of  the  final  adjustaent  of  error  are  blocked 
only  vith  the  observance  of  the  relationship/ratio 

_  t»» 

Tj*  93900  MKceK  ,  (4) 

Kay:  (1).  ms. 


noraovar  tha  channel  of  tan  rough  final  adjustaent  of  error  is 


sensitive  to  the  detuning 

Ik 

f% 


the  channel  of  a  precise  final 


>  4  *  10 


-3 
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adjustaant  -  to  detuning  l-^a[  >  2  x  10"4  and  the  channel  of  t ha  fiat 

”1 

adjustaant  of  frequency  -  to  j  1  >  1  «  io-5.  The  channels  of  the  final 
aijustaant  of  arror  are  aada  on  the  identical  diaqraa  the  logic  of 
wort  of  vhich  is  illustrated  by  tiae/teaporary  diagraa  for  its  basic 
eleaents/cells  in  Pig.  1. 


Reference  point  Ts  is  assigned  by  the  translatioa/conversiaa  of 
trigger  into  the  vor Icing  order  which  corresponds  to  the  opening  of 
the  valve/gate  Vi,  gating  pulses  with  frequency  io"1  *  °n  counter 
with  the  adjustable  voluae.  The  end/lead  of  reading  Tx  is 
fixed/recordad  with  filling  of  this  counter.  Trigger  T5  will  twice 
change  its  state  through  93930  and  93970  ps  relative  to  the 
aoneat/torque  of  the  beginning  of  filling  of  counter  with  the 
adjustable  voluae,  i.e.  trigger  TS  will  shape  the  pair  of  the 
iapulses/aoaenta/pulses,  arranged/ located  on  both  sides  fros 
T,»  93  9SO  ms  on  the  •  teapocary/tiae  distance1*  20 
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Pig.  1.  Block  liagraa  o £  the  nuclear  stabilizer  of  aagnatic  field,  a 
-  aodulator;  PD  -  the  phase  discriminator;  SCh  -  frequency  regulator; 
□B  -  tuned  aaplifiec;  B1  -  display  unit;  OPT  -  dc  amplifier. 


Pig.  2.  Systae  block  diagraa  of  setting  up  and  frequency  fixing 
(frequency  regulator).  OG  -  reference  quartz  oscillator  on  1  HHz; 
S.Ch.O.Ch.  -  counter  of  reference  frequency;  T  -  static  trigger;  T  - 
valva/gate;  SCh  -  counter  with  an  adjustable  voluse  of;  8S  - 
bidirectional  countar;  G  -  excernal  generator;  10  (100  SHz) ,  4  (10 
Mz) ,  256  (1  HHz )  -  counters  of  10,  4  and  256  with  the  indication  of 
■axiaua  operating  speed;  k-I  -  converter  code-voltage. 

Ray:  (1)  .  HBz. 


MBWSMW  Urn iiHHetbs  t 
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rig.  3.  Constitution  diagraa  of  the  alas ants/cells  of  bidirectional 

countar  with  different  relationshi ps /ratios  of  the  currant  and 

prescribed/assigned  values  of  frequency.  VF  -  direct  count  gate; 

VO  -  valve  gate  of  reverse  count. 

Kay:  (1) .  on. 

Page  189. 

Thesa  iepulsas/aonaata/pulses  enter  the  entrance  of  the  reversible 
sixfold  charged  binary  counter  PS2,  the  eode/conditions  of  work  of 
which  is  assigned  by  the  state  of  the  trigger  T2,  which  fores 
interval  t*  (Pi?.  4).  Pros  the  txee/t sapor ary  diagrae  Pig.  3  follows 
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that  with  Ts<  93  930  ps  i®  the  counter  Rs2  the  coda  of  a  nuabar  it 
decreases,  with  Ta>93  970  pa  -  it  increases  also  with  93930  ms 
<T_<  93  970  ms  both  iapulses/noaenta/pulses  T5  are  blocked  by  the 
waives/gates  of  straight/direct  (VP)  and  reverse  (VO)  count,  i. a.  the 
coda  of  a  nuabar  in  R.S2  does  not  changa.  Thus,  counter  S2  is 


sansitire  to  a  relative  change  in  the  tine  on 


|  Tx|  93  950 

Channel  Si  is  sansi.ta.va  to 


2*10 


>4>io  ,  since  ft.s  1  it  is  started 


pulses  (T3) ,  by  those  by  syaaetrically  arranged/located  relative  to 


end/leai  T,  at  a  distance  of  400  ps. 


Registers  R.S1  and  #jS2  control  digital  relay  rheostat-converters 
"soda-voltage",  connected  in  series.  The  use/application  of  this 
sshaaatic  of  converter  is  caused  by  the  fact  that  function  &x(Uy) 
substantially  nonlinear  (fig*  5),  and  for  the  linearization  of 
function  fx  (nowhere  n  -  code  of  a  nuabar  of  bidirectional  counter, 
dependence  U^(n)  oust  be  quadratic. 

The  fina  adjustment  of  frequency  is  accoeplished/realized  with 
the  aid  of  the  counter  to  256  [6],  which  controls  the  digital 
potentioaeter,  voltage  iron  which  is  supplied  to  the  separate 
varicap,  connected  through  snail  anount  of  capacitance  (10  pf)  to  the 
contour/outline  of  autodyae  detector. 
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The  range  of  th a  stabilized,  frequencies  foe  the  systae  ezasioad 
13  1*100  MHz,  which  provides  the  work  of  the  stabilizer  of  aagnetic 
fieli  froa  the  lower  lisit  of  the  work  of  sensor  8MB  (SO  NTL)  to  2.35 
T.  The  "step/pitch"  of  the  rearrangaaent  of  aagnetic  field  is  equal 
to  10  fjt. 

Begalating  unit  (OPT)  of  nuclear  stabilizer  provides  the  aaxiaun 
current  3A  of  both  signs  in  the  corrective  windings  with  the 
iapedance  to  10  ohas. 

Stabilization  factor  in  the  aagnetic  field  is  equal  to  *100.  The 
lasting  precision/accuracy  of  the  stabilization  of  field  coaprises 
2«10~*.  Transit  tiae  at  any  other  value  of  aagnetic  field  within 

O 

one  3ub~ranga  ( —  *i,4)  is  not  aore  than  2  ain.  Because  of  the 

°rmn 

absence  of  air  capacitor  with  the  power  drive  the  interferences, 
connected  with  the  aicropaonics,  virtually  are  absent. 


0> 

omT2 


Fig.  4.  Block  diagram  of  reversible  counter. 
Key:  (1).  from.  (2).  or. 
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Fig.  5.  Requicad  dependence  uy(n)  for  the  linearization  of  dependence 
u(n) . 
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58.  Seaiconductor  circcit  o t  central  of  the  valve  converter  of  Oubna 
preton  synchrotron. 

L.  n.  Belyayev.  A.  Z.  Eczoshenko,  0.  P.  Ralaykcv,  a.  A.  Sairnov. 

(Joint  Institute  for  Huclear  Eesearch) . 

The  increased  regnireaents  fzca  the  side  of  physical  experiaent, 
expressed  in  the  increase  precisicas/accuracies  of  cutoff  and 
aaintenance  of  aagnetic  intensity  in  liaits  cf  *-0.05-0.10/0  during 
4QC-500  as  at  the  level  8-12.8  toe.  the  creation  of  aode/conditions 
with  two  areas/sites  in  the  riald  current  of  the  electroaagnet  of 
accelerator  and  the  need  cr  guaranteeing  the  conditions  for  the 
nocaal  work  of  the  equalizing  reactors  of  converter  in  the 
coaplicated  aodes/condlticns  of  the  work  of  pcwcr-supply  systea  led 
to  the  developaent  in  1567-1966  the  qualitatively  new  scheaatic  of 
the  control  of  the  valve  converter  of  Dufcna  synchrophasotron  cn  10 
Gev. 
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Pig.  1  gives  the  functional  diagras  of  this  device/eg nip sent.  In 
this  devica/eguipaent  and  xn.  to*  diagra as  of  development  of  N122P1 
(Leningrad),  is  used  tt«  vertical  principle  cf  control.  However,  in 
contrast  to  the  known  diagra as  the  block  of  rectifying 
iapulses/aoaenta/pnlses  and  the  tlcck  of  iapulses/acaenta/pulses  for 
the  control  of  converter  in  the  aode/conditicns  "current  platform"  is 
replaced  by  the  12-channcl  phase-shifting  device/eguipaent  PS. 
Eeveloped  by  this  device/eguipaent  iapulses/acaenta/pulses  depending 
cn  the  value  of  the  ccctxcl  voltage,  put  ont  ty  device/eguipaent  UFB2 
(along  line  1)  change  phase  in  the  range  a»0. 16Q  deg.  el. 

The  work  of  converter  Vi  in  the  rectify icg  aode/conditicns  with 
different  angles  of  regelating,  the  translaticn/con version  of 
converter  fxoa  the  rectifying  acde/conditions  into  the 
aode/conditions  of  "areas/sites  currant"  and  vica  versa,  and  into  the 
inverter  aode/conditicna  are  aisc  acccaplished/raalized  by 
iapulses/acaenta/pulses  cf  the  phase  shifter  cn  the  saallest  level  cf 
displaceaent  on  the  thyxatrcas  of  the  scheaatic  cf  the  igniticn  of 
the  valves/gates  cf  cccvextax  Si.  This  displaceaent  is  detecained  by 
the  device/eguipaent  0IB1,  which  is  given  the  tiae  parameters  of  the 
operating  cycle  of  power-supply  syatea. 

The  progressing  of  the  fora  of  the  field  current  and 
respectively  aagnetic  field  in  the  clearance  cf  the  alactrosagnet  cf 
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accelerator  Ed  in  the  process  or  particle  acceleration  is 
accoaplished/realized  kith  the  aid  of  the  davica/equipaeat  0FB2. 

This  device/egaipaart  upon  transfer  of  converter  froa  one 
lode/conditions  to  another  changes  the  exit  vcltage  of  coapaxiscn  for 
the  diagraas  of  the  phesc  converter  abruptly,  bet  saocthly  during 
20-30  as,  in  this  case  the  ccaautation  of  current  by  the  valves/gates 
cf  converter  at  this  tiae  does  not  cease. 

In  the  process  of  the  translation/ccnversicn  of  the  converter  cf 
Fower-supply  systea  into  the  inverter  operating  aode  the  phase  of 
cat pat  palse  by  phase  shifter  S S  changes  to  such  aoaent /torque,  vfaat 
control  pulses,  developed  by  the  block  of  inverter  peak  transformers 
SIFT,  begin  first  to  icrite  the  thyratrens  cf  the  diagraa  of  ignition 
-  SP.  After  this  cn  the  coaaaad  cl  device/eguipaent  0FB2,  put  oat 
along  line  2,  the  device/eguipaeat  UPF 1  changes  bias  voltage  in  the 
schesatic  of  the  ignition  of  the  valves/gates  cf  converter  SP  up  to 
such  value,  that  the  tbyratreas  cf  this  diagraa  can  subsegoently  be 
ignited  only  by  the  iapulses/acaenta/pulses  of  the  block  of  inverter 
peak  transforaers  BIPT. 

In  the  dwelling  periods  when  converter  with  the  aid  of  the 

device/equipment  UFR1  Is  blocked,  device  UFR2  is  transfered 
into  the  initial  state  with  the  aid  of  the  sensor  of  current 
zeros  DNT  (along  line  3)* 


Fig.  1.  Functional  diagxaa  cf  pcak-generatcr  c£  Dubna  proton 
synchrotron  with  a  stead]  change  in  the  phase  cf  driving  pulses. 

Eage  191. 

The  developed  by  it  voltage  cl  ccaparison  corresponds  in  this 
aode/cond it ions  to  such  value,  that  the  phase  cf  output  pulses  of 
phase  shifter  FS  corres pends  tc  the  unguided  rectifying 
aode/conditions  of  the  verk  cf  the  converter  cf  power~supply  systea 
VP. 

In  the  case  of  the  eaesgence  cf  eaergency  aodes  the 
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devices/equipaent  of  the  protection  of  converter,  acting  on 
de  vie  a/equip  sent  0PR1,  transfer/ translate  converter  into  the  inverter 
■ode/conditions  without  the  steady  transiticc  oz  cut  off  it 
(depending  on  the  character  of  caergency  process) . 

Foe  the  translaticn/con version  of  converter  into  the 
aode/conditions  of  the  "area/sita  cf  current"  was  used  the  integral 
sensor  of  the  level  cf  the  eagnetic  field  of  HP  equipment  for  the 
accelerating  systea  cf  accelerator ,  which  consists  cf  integrator  II 
and  aaplitude  selector  IS.  The  cut  put  pulse,  which  appears  at  the 
specific  level  of  aagnetic  tide  (precision/accuracy  «-0.  lo/c) , 
enters  the  block  of  cceaand  iapslses  -  bki,  where  it  is  amplified 
and,  acting  on  DFB2  (along  line  7)  ,  is  transferred/translated 
converter  with  the  aodc/ccnditiccs  of  the  "area/site  of  current". 
Siaultaneously  this  iapelse/ecaentua/pulse  switches  cn  electronic 
gate  BK  cf  integrate c  J2. 

By  the  reciprocal  pclse  cf  voltage  (alcng  line  9)  on  the  period 
of  the  duration  of  the  acde/ccnditions  of  the  "area/site  of  current" 
is  switched  on  the  relaj  kay/wrench  BK,  with  the  aid  of  which  exit 
voltage  froa  integratoz  12  (along  line  10)  is  ccnnected  to  the 
entrance  of  the  level  regulates  cf  field  R.  The  exit  voltage  of 
regulator  is  supplied  (along  line  12)  to  resistance  B  and 
respectively  into  the  ccspariscn  circuit  of  the  phase  shifter  of 
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peak-generator ,  forainc  the  closed  into  the  ring  control  systea. 

Pig.  2  gives  the  cscillograas  of  aagnetic  intensity  in  aagnet 
gap  of  accelerator  H  (lever  cscillcgraa)  and  its  derived  N  (upper 
cscillograa)  during  the  «ork  or  the  converter  of  power-supply  systen 
in  the  node /conditions  cl  the  uacea/site  of  currant"  at  the  level 
12.8  kOe  together  with  the  scheiatic  of  regulator. 

The  divergence  cf  i ay  ns tic  intensity  frca  the 
prescribed/assigned  level  dees  ret  exceed  +- 1  ce.  All 
devices/equip sent  of  pcah-gsneratcr  are  carried  out  on  the 
seaiconductor  devices.  The  scat  critical  node/unit  cf  peak  generator 
is  the  phase  shifter  -  PS  which  encoa passes  sawtooth  generatcr  GPH, 
diede-regenerati ve  coapanson  circuit  SS  and  exit  feraing 
cascade/stage  on  tha  thyristor  VTK  (see  Fig.  1)  . 

The  scheaatic  of  dc vice/eguipsent  and  the  linear  diagraas  of 
voltages  in  the  diagrai,  which  elucidate  its  work,  are  given  on  Fig. 
3. 


In  the  oscillator  circuit  cf  saw-tocth  vcltage  is  utilised  the 
initial  section  of  the  exponential  increase  of  the  voltage  of 
capacitor  Cl,  connected  through  resistor  Bx  tc  the  source  of  voltage 
UCT.  Diode  coaautator  (diodes  01  and  D2)  synchronizes  the  beginning 
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of  charge  of  capacitcr  kith  the  voltage  of  the  geaerator  of  the 
supply  of  its  own  targets  of  converter  GSN  (see  Pig.  1).  The 
sav-tocth  voltage  throcgt  dicde  D3  is  supplied  into 
diede-regeaerati ve  coapaxisoa  circuit  ss. 


“»  aiinm-"  . , 
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Key:  (1).  froa. 

Page  192. 

As  soon  as  this  voltage  It  will  achieve  the  value  of  the  voltage,  put 
cut  by  the  device/equip  lent  ct  phase  regulating  UPH2,  diode  E4  is  cut 
cff,  and  diagcaa  begins  tc  work  as  usual  blccking  oscillator, 
starting  by  the  first  iipulse/acieatun/pnlse  the  thyristor  of  exit 
shaper.  Capacitor  C3,  being  discharged  tfarocgb  the  winding  of  output 
transforaer  of  TV  and  tic  thyrrstcr,  induces  in  secondary  winding 
iapulse/aoaentua/pulse  (cne  during  the  period),  fy  this 
iapulse/aonentua/pulse  tie  cent r cl  circuit  cf  the  ignition  of  the 
valve/gate  of  converter. 

Bepeated  tests  in  the  statre  behavior  shewed  that  the  appearing 
in  6-3  hours  of  continuccs  c per a tic n  autual  changes  in  the  phases  cf 
driving  pulses  do  not  exceed  v-C.  1  el.  deg  in  entire  range  of  the 
angles  of  regulating  fzca  0  tc  160  el.  deg  with  a  change  in  the 
teaperature  of  surrounding  air  fzca  15  tc  40°c. 

Device/equipaent  0Ffc2  ecssists  of  tbree-pcsiticn  trigger  on  the 
thyristors  and  referenca-voltage  source1. 


POCTNOTB  *.  A.  A.  Sairccv,  A.  2.  Dcroshenko,  C.  P.  Kalaykov,  l.  N 
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Eelyayev.  Semiconductor  systee  c f  control  of  valve  converter.  PTE,  1, 
January-February  cf  19*70,  pages  165-167.  ENCPC01NCTE. 

Conclusion. 

The  use/applicaticn  of  psah-generatcr  exanined  in  the  schematic 
of  the  control  of  the  ccaverter  of  Dubna  synchrophasotron  ensured 
n it h  the  latter  nee  possibilities. 

*.  Are  realized  ccaplicated  aodes/ccnditicos  of  work  cf 
power-supply  systea  with  one  anc  two  areas/sites  in  field  current  of 
elect raeagnet  of  accelerator  as,  for  eras pie,  acde/conditicns, 
characterized  by  oscillcgtaas  of  rectified  voltage  (upper 
cscillograa)  and  current  cf  ccaverter  (lever  cscillcgrae)  on  Fig.  4. 

2.  Appears  possibility  cf  considerable  decrease  of  power  of 
interbridge  equalizing  reactors. 

3.  Is  conducted  dyaeaic  discharging  of  shafts  cf  dyaaaoelectric 
power  supply  units  of  cccvezter. 

4.  Appears  possibility  cf  stabilization  of  rectified  voltage  cf 
converter  for  realizaticc  of  prclccged  braces  cf  eaitted  beaa  of 
■oncenergetic  particles. 
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Fig.  4.  Oscillograas  of  rectified  voltage  ud  (upper)  and  the  current 
cf  the  load  of  converter  (lexer)  in  the  ccaplex  operating  node. 

The  scales:  time  -  1  s«»1  a;  ud  "  1  CM  ®5 


Ij  -  1  CM  *  10  kA 
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59.  Calculation  of  the  three-diaensional  fields  of  iron  free  aagnets. 

L.  B.  Zakharov,  0.  A .  Beshcherov,  ie.  S.  flironcv. 

(Radio  engineering  institute  of  the  AS  tJSSB) . 

During  developaent  and  design  of  acceletators  to  superhigh 
energy  very  proaising  is  the  use  of  superconducting  iron  free  nagnets 
[1,  2].  Precoaputation  and  selection  cf  the  icitial  paraaeters  of 
such  nagnets  is  conducted  usually  eaploying  tie  siaplified  procedure. 
Calculation  is  based  cc  assumptions  of  the  fact  that  in  the  Units  of 
separate  aagnet  block  the  field  does  not  depend  on  longitudinal 
coordinate  [3-5].  In  the  accelerators  to  high  energies  are  utilized 
rectangular  aagnet  blocks  hy  length  into  several  aeters.  The  at  the 
saae  tine  cross  secticc  cf  accelerator  chaaber  and,  therefore,  the 
transverse  sizes/diaensicns  of  operating  regicn  of  aagnet  do  not 
exceed  10-15  a.  Therefore  in  the  larger  part  cf  aagnet  block  the 
character  of  the  distribution  of  the  field  in  the  first 
approxiaation,  of  the  sate  and  in  the  rectilinear  aagnet  of  infinite 
extent. 


During  the  detailed  calculations  of  the  notion  of  the 
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charged/loaded  particles  io  the  fields  of  real  nagnets  it  is  not 
possible  tc  be  United  tc  tbs  sisplified  procedure,  it  is  necessary 
to  calculate  the  distribution  oi  aagnetic  field  on  the  basis  of  the 
entire  length  of  nagnet  block,  and  also  cut  cf  the  block. 

In  the  radio  engineering  institute  cf  the  AS  OSSB  are 
developed/processed  the  iron  free  superconducting  ceil  electrcaagnets 
with  the  pulse  field.  At  the  initial  stage  is  provided  for  the 
production  and  the  investigation  cf  the  aodel  cf  dipole  type 
superconducting  block. 

The  Minding  of  aageet  is  fexaed/shaped  fron  a  large  nusbar  of 
turns,  which  have  characteristic  "saddle-shaped*  foca. 

Page  193. 

A  nuaber  of  turns  is  deterained  fcy  the  assigned  aagnitude  of  field 
and  by  the  peraissible  currant  density.  Bindirg  is  divided  into  the 
series/row  of  layers.  Ihc  schematic  iaage  cf  cne  layer  of  winding  is 
given  in  Pig.  1.  For  the  illustration  is  given  only  one  fourth  layer, 
the  arranged/located  on  the  surface  circular  cylinder  of  radius  B. 
Froa  the  figure  it  is  evident  tkat  in  each  turn  it  is  possible  to 
isolate  three  characteristic  sections:  rectilinear  (Z),  to  circular 
(II)  and  transient  (Zll).  Ihe  rectilinear  parts  of  the  turns  cf  each 
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layer  are  placed  on  the  generatrices  of  cylinders  with  the  density, 
which  is  changed  acccrdirg  tc  the  law  -ccs  a,  which  approxiaately 
corresponds  to  a  change  in  the  current  density  according  to  the  law 
of  j-cos  a,  necessary  fer  the  creation  of  unifora  field.  The  location 
cf  circular  and  transiticn  sections  on  the  edges  of  winding  was 
selected  in  essence  according  „c  the  design  considerations. 

To  obtain  the  solcticn  of  the  problea  afccut  field  distribution 
in  this  aagnet  is  analytically  iapcssible;  therefore  was  developed 
the  prograa  of  the  calculation  cl  aagnetic  field  with  the  aid  of  the 
digital  coapnters. 

During  the  use  cf  test  universal  algoritha  [6]  all  currant 
conductors  of  winding  are  brehes  dewn  into  segnent  eleaents  cf  the 
previously  selected  length,  field  at  the  particular  point  of 
observation  is  deterained  by  the  aethod  cf  the  addition  of  the  fields 
of  segaent  eleaents  in  accordance  with  Bict-Sa vart' s  law.  For 
achieveaent  of  high  prccisicn/accuracy  of  calculation  it  is  necessary 
to  select  the  segaent  eleaents  cl  a  ccaparati vely  stall  length,  which 
leads  to  a  considerable  increase  in  the  "each...**”  tine.  Nevertheless 
during  the  calculation  cf  field  at  observation  points,  distant  behind 
the  segaent  eleaents  at  the  distances,  ccaparcd  with  their  length, 
appears  inadsissibly  large  error.  In  this  case  for  shortening  of  the 
count  tiae  the  straight  portions  of  turns  wars  not  divided/atrked  off 
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in  the  segsent  elements*  and  the  components  of  field  froa  these 
sections  were  determined  by  the  method  of  calculation  accordicg  to 
the  formulas  for  the  rectilinear  ccndoctcrs  cf  finite  length. 
Curvilinear  sections  (11  and  111  in  Pig.  1)  were  divided/marked  off 
in  the  segment  elements*  aorecvei  in  the  program  vas  provided  for  the 
possibility  of  decreasing  the  lengths  of  segment  elenents  during  the 
determination  of  field  at  observation  points*  which  are  located  in 
immediate  proximity  of  cf  the  current  conductor  in  question.  Thus  at 
all  points  of  the  field  was  sain tained/ withstood  the  requirement  of 
the  smallness  of  the  length  of  segment  element  it  c caparison  with  the 
distance  of  observaticr  point. 

aith  the  aid  of  the  comprised  program  is  calculated  field  of  one 
of  the  versions  of  a  dipcie  type  magnet  block.  Fig.  2  gives  the 
graph/curve*  which  ill citrates  the  degree  of  a  difference  in  the 
field  froa  the  unifora  with  x»G,  z*0.  Frcn  the  graph/curve  it  fellows 
that  on  the  larger  part  cf  the  aperture  cf  aagnet  block  field  close 
to  the  uniform.  Besidual/xeaanent  heterogeneity  is  explained  mainly 
by  the  fact  that  in  seme  layers  the  latter/last  turn  with  z— >8  was 
withdrawn*  since  the  radius  cf  bending  of  its  transient  pert  proved 
to  be  less  than  1  cm.  (Superconducting  cable  it  can  be  daeaged*  if  we 
it  bend  on  the  radius  less  than  1  cm) .  This  heterogeneity  can  be 
removed  by  the  introduction  of  correction  intc  the  law  cf  the 
distribution  of  conductors.  Sharp  decrease  h2  in  immediate  proximity 
cf  the  winding  is  expliined  by  the  effect  of  the  discreteness  of 
winding. 
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Fig.  1.  Fig.  2. 


Fig.  1.  Location  of  tarn*  an  cnc  layer  of  winding  of  aagnet  block 
(dynes  gnadrant)  . 


Fig.  2.  Helative  deflections  cf  vertical  component  cf  field  h*  fr 
field  at  the  center  cf  aagnet  h0<£*s4  <=■)  • 
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Fig.  3.  Character  of  fiald  change  in  end  part  of  aagnet  block  with 
different  y  and  *.  1  -  y*0#  z*0;  2  -  y=Q,  z=3;  3  -  y*3,  z*0. 

Page  194. 

Pig.  3  gives  graphs/cur ves  2!L( x )  with  different  y  and  z  for  the 
end  part  of  aagnet  block.  By  broken  lines  are  shown  beginning  and 
end/lead  of  the  end  part  or  tie  winding  where  are  arranged/lccated 
the  circular  and  transition  sections  of  turns. 

The  exaained  in  this  work  calculation  prccedure  it  is  preposed 
to  utilize  first  of  all  for  detexiining  the  cptiiua 
constructicn/design  of  the  end  parts  of  the  winding,  which  ensure 
such  fora  of  field  on  the  edges  cf  aagnet,  with  which  the 
disturbance/perturbaticr  or  particle  notion  dne  to  the  edge  effects 
would  be  ainiaua. 

It  should  also  be  noted  that  the  procedure  of  a  precise 
calculation  of  field  gives  the  possibility  tc  critically  analyze  the 
results  of  the  eeasureaents  of  the  aagnetic  field  of  the  prepared 
superconducting  coil  electroaagnets.  According  tc  the  degree  cf  a 
difference  in  the  results  of  seasexesents  fres  calculation  data  it  is 
possible  to  fish  not  ccly  about  tha  precision  of  aaoufacturing 

aagnet,  but  only  and  atcct  tha  strength  of  possible  "idle”  currents 
in  the  superconducting  cable  cores  of  the  winding  of  aagnet*  caused 

by  the  aagnetization  of  the  superconductor  cf  the  11  kind. 
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60.  CALCULATIONS  OF  IBCK  EfiAi  H16MATS  HUB  "THICK"  BINDINGS  PCB 
ACCELEBATIQN  TECHNOLOGY. 


II.  G.  Davidovskiy. 


(Institute  cf  nuclear  physics  of  SO  AN  OSSB). 


In  connection  with  tee  develcpaent  cf  technology  of 
superconductors  and  the  transiticn  to  the  accelerators  to  super-high 
energies  increasingly  wider  kill  be  used  ircn  free  aagnets.  Curing 
their  construction  it  la  useful  to  knew  the  ideal  fores  of  the 
windings,  which  fore  piescribed/assigned  stationary  plane  field,  and 
soae  characteristics  of  such  systeas.  Thin  windings  were  exasined  in 
[1];  however,  are  virtually  interesting  "thick"  windings. 


Let  us  exaaine  shaping  cf  the  plane  of  field  H0(>,g)  with  the 


potential 


22-^r-  (y  coe(n<p  + 


(l) 


in  the  circle  which  is  tightly  sex  sounded  by  the  long  current 
carrying  conductors,  perpendicular  to  the  plane  cf  circle  (fezaing 
winding) .  The  value  cf  current  density  j  is  permanent  over  entire 
section  of  winding,  full  current  is  equal  tc  zero.  The  foraing 


f 
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winding  is  surrounded  tj  the  screen  (iron  (»*=«)  or  current  -  the 
shielding  winding)  wheae  internal  boundary  is  the  circuaference, 
concentric  with  the  boundary  ot  the  regicn  cf  shaping  (Fig.  1). 
Everywhere  lower  upper  sign  relates  to  the  case  cf  iron  screen,  lower 
-  current.  The  potential  ot  the  field  between  the  foraing  and 
shielding  windings  let  cs  write  in  the  fern: 

s  «*  (n9+*„V 

n'1 1  W 


In  the  case  of  current  screen  we  consider  that  there  is  no  field 
cut  of  the  systea. 


*€hin  windings".  If  the  "thickness"  of  winding  A(9)“1K»)_,1e<l<’*o  » 
then  winding  it  is  possible  tc  ccnsider  "thin"  and  to  consider  as 


current  layer.  Be  obtain 


.  (-W-nr1 


A  "  ir  If  ■  -n-in  H 

"  “WV  0  b"’1"  . 


1  \n~'  ^ 

Tn  '•  “n  > 


the  equation  of  the  "thin"  fccsirg  winding 


i(g)  A(*iy)  i  -  t 
‘  a  ^  0  6"' 


<«  eoa(ng+  <>„) 

and,  in  the  case  of  current  screen,  the  equation  of  the  "thin" 
shielding  windinq 

iM  &a  («,¥)  _  _  1 _ f*  , 

Wfc"'1  b„C0S(mp4*  ), 
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where  by  j  (*)  and  ^  ^  -  piecewise  constant  alternating  functions 

U(V)l*j  and  |j3(g)|-  j,.  Be  introduced  the  paraacter  cf  thickness  which  is 
conveniently  defined  as  a-  j*v0) ,  where  b„  -  coefficient 

■oet  substantially  of  aoltipola  in  expansion  ( 1) ,  which  characterizes 
the  anplitude  of  the  f crsed/shapcd  field  with  its  prescribed/assigned 
configuration. 

Page  195. 

Setting  to  zero  right  sides  (3)  and  (4) ,  we  determine  the  position  of 
points  on  circus ferencas  ,  in  which  the  "thickness"  A(a,  *)  of 
winding  turns  into  zero,  and  direction  of  flew  is  changed  by  the 
reverse.  Be  will  call  these  feints  nodal.  Frcs  (3)  and  (4)  it 
follows:  1)  the  external  ncuncaries  of  the  fexaing  windings  fora 
single-paraaetric  faailj  Ma,<f)/*v0-1*h(a having  the  nodal  fointsv 
which  lie  on  the  boundazy  of  the  region  cf  shaping  (it  is  analogous 
for  the  shielding  windings);  2)  the  position  cf  ncdal  points  gw>  on 
circuaference  \  (for  the  current  screen  -  on  circuaference "w*  ) is 
deter ained  exclusively  by  field  pattern  and  dees  not  depend  cn  its 
amplitude.  Nodal  points  divide/ tank  off  windiegs  into  the  separate 
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eleaentary  parts,  directions  cf  flow  in  two  adjacent  parts  are 
autually  reverse*  The  position  c t  the  nodal  points  of  pure/clean 
■ultipoles  is  obvioas  free  tie  sywaetry. 

In  the  case  of  "thin"  Minding  the  thickness  A(a,  *)  is 
proportional  a. 

"Tolstoys"  of  wincing*  Ccnclssion/output  1)  and  2)  are  valid  for 
the  windings  of  any  thickness.  Iherefore,  after  determining  the 
positioa  of  nodal  points  free  tne  equation  of  "thin"  windings  (3)  and 
(4),  we  know  the  separation  cf  the  winding  of  arbitrary  thickness 
into  the  eleaentary  parte,  it  ie  easy  to  shew  that  the  potential  of 
field  within  this  any  part  is  given  by  the  erpressicn 
Am(%,«)-A0(\,<p)— f-j  [%*-%* -2%*  MVaa)],  (5) 

where  A0(-v,y)  -  potential  of  the  foraed/shaped  in  the  circle  field. 
Open  transfer  to  the  adjacent  eleaentary  part  of  j-e-j.  iith  the 
current  screening  the  potential  cf  field  within  the  shielding  winding 
analogously  is  expressed  as  the  potential  of  interaediate  region  (2) : 

Alw(vg) -Anpo*  (•*,?)+■?•  ^*-*V2^e"W]-  <  6 ) 

Potentials  (5)  and  (6)  aetcaatically  satisfy  boundary  conditicns 
respectively  on  circualerences  a0  and  In  the  case  cf  iron  screen 
boundary  condition  on  the  iron  gives  cn-d„(a Utilizing  (5)  and 
(2),  let  us  write  the  hccadazy  conditions  on  the  external  boundary  of 
forning  winding  i(y) 
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*(X9)/^)™}6i"<ng-*-Vf,),  (7) 

H OgC'*'  C«*),v  )+*T  /•v(«))“ 

-j£  dn  (K"^/*»'('f))n+1-*-C’io/T<3)a^a(c?VSi)rT'Ij* 

xC08(n^  +  t>nV 

this  is  th«  aquation  cf  "tarck"  forming  winding  with  the  iron  screen, 
they  determine  a(^)  and  the  totality  of  ccefficiects  d„. 

It  is  analogous  in  the  case  of  current  screen,  writing/tecording 
boundary  conditions  on  the  external  boundary  cf  the  forning  winding 
and  condition  for  the  disappearance  of  field  cr  the  external  boundary 
cf  the  shielding  windicg,  we  obtain  the  systea  cf  eguations  of  "thick 
ones"  the  foraing  and  shielding  bindings.  This  systea  deter lines 
%<<W » and  the  totality  cf  coefficients  c„,dn. 

The  obtained  equations  of  "thick"  windings  are  conveniently 
solved  by  the  nuaericall;  following  iterative  process.  Let  during  the 
solution  of  systea  (1)  cc  soac  iterative  lccp  be  obtained  totality 
d„  and  sequence  of  points  'v(g0)  on  the  unkncwn  boundary  of  the 
foraing  winding.  Next  iterative  lccp  consists  cf  the  deteraination  of 
new  totality  dn,  in  the  best  way  in  the  root-sean-square  sense  of 
satisfying  the  first  equation  systea  (7)  on  the  sequence  of  points 
X^p)- Utilizing  this  sew  totality  dM ,  fcoa  second  equation  (7)  we 
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determine  the  refined  sequence  c f  points  M9p)  Process  rapidly 
converges.  Pig.  2-6  illustrate  scae  of  ottained  results  [2]. 

The  power  lines  of  sagnetic  field  have  centers,  which  lie  within 
the  elesentary  parts  cf  the  winding.  The  pcsiticr  cf  centers 
qualitatively  characterizes  the  "half-thickness'1  of  winding  and  can 
be  eleeentarily  detarained  free  (5),  since  in  the  center  field  is 
egual  to  zero.  The  centers  ct  guadrupcle  winding  are  located  at 
points  with  ,  where  b-9H/(-^j)  .  Consequently, 

aoreover  equality  is  reacned  in  the  liait  of  infinitely  thick 
winding. 

Elliptical  region,  lae  determination  of  the  forns  of  the  winding 
cf  those  forming  the  presexihed/assigned  field  with  potential  a, (a,  y) 
O)  in  the  elliptical  xegicn  with  the  seal-axes  (a,  t)  in  the 
presence  of  the  screen  (iren  or  current) whose  internal  boundary  is  a 
confocal  ellipse  with  the  sen-azes  (A,  E)  ,  can  he  conducted  in 
perfect  analogy  with  the  case  of  circular  region. 

The  position  of  the  nodal  pcints  of  the  foraing  winding  is 
deterained  frea  the  egtaticn  cf  "thin"  winding  (a>b) : 

_  iW.,  1  a  .  a+b _ l 

1  ^  231  .SlA” n«t  "  aPsin^b’cas1!! 

C  4  1 


* 


\Ni\ere^ 


S4,n-Sl(^(n-ll<)(avb)n-2k(aa-{.a)k  . 

MM)"^ 

x  ^/a+bWn-jCr  C0S9  C0S(n-2W)^- 

VH^)  ‘ 

'  “  \  d  +  B  /  .  . 

”  Tf  ci+Y  \*(n^W~  8t"  ("-*0? 

1  ~\ fl+  B  / 


Fig.  1.  Qualitative  fori  of  dipci#  and  quadrupcle  aagnets  with  the 
iron  screens.  The  parts  cf  the  bindings  with  the  autually  opposite 
currents  are  covered  with  autually  perpendicular  shading. 
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Page  196. 


Jig.  2.  Pig.  3. 

Pig.  2.  Poras  of  unshielded  bindings,  which  feen  superposition  of 

dipole  and  guadrupole  fields  with  horizontal  Flane  of  syaaetry. 

d=(a0VH)/H0,  a-H0/(-3f-i  -v0) 


Pig.  3.  Poras  of  dipole  windings  with  iron  screen.  About  each  curwe 
is  shown  the  correspcndicg  pcsitics  of  screen 


ft 
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Fig.  4. 


fig  5. 


Fig.  4.  Unshielded  guadicpcle  aagnet.  Area  cf  one  "ear/eye"  cf 
Minding  s/xj  (1),  nag  it  tic  ecezgy  in  tha  aetal  of  winding  vMT/w, 
(2),  out  of  aagnet  WMap/W0  (3)  aid  total  energy  W^/w,,  as  the 
functions  ( v,™,  -  w0  ♦  V«,T  ♦  Ww  W0-(x9VH)H»  /  16 - 


energy  of  field  in  the  regies  of  shaping) 
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fig.  5.  Dipole  aagnet  with  icon  screen  (upper  series/row)  and 
gu&drupole  aagnet  with  a  ion  screen  (lower  series/row) :  A  -  naxiaua 
thickness  of  winding  £  “  area  of  one  "ear/eyeM  of  winding 

S/a^;C  -  aaxiaua  field  cs  ixcn  h Xmai/H0  (in  the  case  cf  guadrupole 
-igVn  is  aarked  H„)  -  function  of  pcsition  of  screen  \l%0.  About  each 
curve  of  upper  series/rcw  is  shewn  the  value  cf  paraaeter 
q-h 0/(-2a.jT(#').  about  the  curves  of  lower  series/rew  -  value  of 
paraaeter  6-vh/(^jJ 

Eage  197. 

Connection/coaaunlcaticn  of  elliptical  ($  ,  y)  and  Cartesian 
coordinates  d-JaM*, 

*-dch(^-p)ci»ty,  4-d6h(^-p)si,nty, 

Potential  of  field  witain  the  parts  of  the  foraing  windieg: 

**  ($,  ($,  1 )““ T1  J  e2|i  j  ch  2(^  -  p)- 

-ch2(^0-p)  +  cos(2»2)(l-ch2(^-^0))- 

-2(^-^)Sh2(^0-p)). 

Analogous  relaticcahip s/ratios  it  is  easy  to  write(  alsc,  for 


the  shielding  winding 


1 
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Exaaining  the  positica  of  the  centers  of  quadrupole  winding,  we 
obtain,  that  if  the  axes/axles  cf  field  are  turned  cn  45°  relative  to 
the  axes/axles  of  ellipse,  then  «  2/(i+a/C0s  tut  if  they  are 

directed  along  the  axes  cf  ellipse,  then  7 h * (^-)4 ,  aorecver 
equalities  are  reached  ic  the  lieit  cf  infinitely  thick  windings. 


i  1 

! 

t 

i  ; 
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Fig.  6.  Dipole  eagnet  kith  the  iron  screen.  Energy  cf  field  in  the 
ratal  of  winding  wMeT,  in  the  region  between  the  winding  and  screen 
and  total  energy  of  field  W„UJ,H-W0  +  W„eT  +  vnp  in  units  w0^wo-H»a* /«- 
-  energy  of  the  forned/shaped  in  tae  circle  field)  as  the  functions 
of  the  position  of  screen.  About  each  curve  is  shown  the  value  of 
Faraneter  a-H0/(-^-j-»0) 
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61.  Calculation  of  aagnatic  field  in  the  aagnet s  with  the 
sections/cuts. 

1.  P.  Papadichev. 

(Physical  institute  ii.  P.  M.  Lebedev  of  the  IS  OSSH). 

Magnets  with  the  sections/ cuts  found  wide  acceptance  in  the 
accelerative  technology,  ka  eiatples  it  is  possible  tc  indicate  the 
sagnetic  systems  of  synchrotrons,  which  switch  cn  sectors  and 
straight  sections,  sector  aagnets  cf  isochronal  cyclotrons  [  1—4 3,  of 
circular  P-tl  cyclotrons,  niczotrcns  with  the  sectional  aagnet,  etc. 
However,  sisilar  systeas  are  used  for  the  spectroseters,  the 
analysers  and  the  separators  of  particles,  and  also  in  the  circuits 
wirings  and  bean  focusing. 

In  these  all  cases  the  significant  cole  plays  edge  effect,  i.e., 
the  fora  of  field  about  the  boundary  nagnet-gap/interval.  For 
exaaple,  with  the  narrow  sectors  such  characteristics,  as  the 
"effective  width"  of  sector  and  flutters,  strcngly  depend  on  air~gap 
clearance  of  aagnet  and  location  of  winding.  In  other  cases  (rings, 
circuits  of  wiring)  edce  effects  change  affective  length  of  eegnets 
and  lenses  and  can  be  reason  the  ncnlinearity  cf  fiald  and 
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aberrations. 

However,  the  sethcds  or  calculation  [5]  used  utilize  a 
sufficiently  rough  appicinatacc  cf  "sharp"  edge,  i.e.,  edge  effect 
is  not  considered.  Usually  this  is  nade  experimentally,  and  the 
creation  of  the  field  cf  complex  configuration  is  ccnnected  with  the 
simulation  of  several  vexsrens  cf  tagnet,  which  requires  long  tiae 
for  conducting  the  precise  aeasexenents  on  the  node Is. 

Fage  198. 

In  the  present  report  axe  presented  results  [6,  7]  cf  a  aore  precise 
calculation  taking  intc  account  the  edge  effect  and  the  effect  of  the 
location  of  winding  on  the  foxn  of  field  during  the  arbitrary 
excitations  of  the  adjacent  blocks  of  nagnet.  This  makes  it  pcssible 
to  sharply  reduce  the  veluae  of  measureaents  during  the  siaulation. 

For  the  calculation  is  utilised  the  netted  of  ccnforaal 
mappings,  strictly  speaking,  it  is  applied  when  magnetic  permeability 
cf  the  naterial  cf  poles  is  infinitely  great  and  field  flat/plane. 

The  first  condition  usually  is  satisfied  well,  since  in  the  systeas, 
intended  for  the  creation  of  field  with  the  high  precision/accuracy, 
iren  is  far  froa  the  saturation.  Second  condition  is  net  necessary: 
comparison  with  the  experisset  oa  the  circular  f-H  cyclotron  (KF)  [6] 
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and  the  cyclotron  with  sectioned  sagnetic  systea  of  the  Lebedev 
physics  lost.  [8]  shows  taat  the  calculation  is  valid  with  a  good 
precision/accuracy  (it  is  better  than  lo/o)  and  in  the  case  cf 
three-diaensional  nonuxiforn  fields.  This  is  connected  with  the  fact 
that  a  change  of  the  paraaeters  cf  aagnet  in  the  dependence  cn  a 
radius  can  be  considered  as  "distucbanca/perturbaticn"  in 
two-diaensional  problea.  In  the  systea  with  the  iron  the  effect  of 
disturbances/perturbaticzs  rapacly  decreases  with  the 
reaoval/distance  froa  the  perturbation  scurce,  and  the  aziauthal  fora 
cf  field  is  deterained  with  a  geed  precision/accuracy  by  the  fora  of 
the  section  of  aagnet  cn  the  given  radius. 

1.  Field  at  edge  cf  poles.  The  geoaetry  cf  poles,  for  which  were 
carried  out  the  calculations,  it  was  shewn  in  Fig.  1A.  with  the  aid 
cf  Schwarz-Christoff el *a  integral  ts  located  the  function,  which 
reflects  the  prescribed/ assigned  region  cn  plane  z-x+iy  to  half-plane 
> 0. Then  for  the  case  of  the  different  excitations  of  blocks  are 
conducted  linear-fract icral  tzassccraaticns,  establishing  tha 
necessary  corraspondenca  of  boundaries.  In  the  presence  of  ccsductcrs 
with  the  current  near  operating  region  (Fig.  1b)  is  utilized  the 
expression  of  potential  tor  the  conductor  abeve  plana  3m<-o. 

For  the  case  of  Pig.  1A  (conductors  with  the  current  at  points 
x— ••  and  y— ■*•)  the  dependence  of  the  vertical  cospcnant  of 
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■agnetic  intensity  on  axis/axle  x  for  three  cases  of  exciting  the 
adjacent  blocks  is  gives  in  ieplicit  fore  (field  within  the  excited 
tlock  far  froa  edge  f —  i  ) 

«> 

^((rvc^-J-^fioathr),  (aj 

f3— )* 

where  p*h/H#  2h  -  vertical*  id  -  horizontal  the  pels  gaps;  ft  -  field 
during  the  opposite  excitation  cf  the  adjacent  fclccks 
*a*?x*-*);  fa  -  field  during  the  identical  excitation  of  adjacent 
tlccks  {V4»V,*ey;  V»*V4*-V);  f,  -  field  during  the  excitation  of  one 
right  block  (7t=vP;  ¥a*-V;  ¥j*V«*C).  Pig.  2  gives  these  dependences 
(curves  1,  2,  3)  for  m»G.8J5. 


/ 


6 


rig.  1.  Fora  of  aagnet  teles,  used  for  ccnforaal  mapping  (a)  and 
location  of  conductors  *itb  currant  of  the  I  during  the  excitation 
cn«  block  of  aagnet  (t). 


fig.  2.  Dependence  of  farcical  component  of  nagnetic  intensity  in 
aedian  plane  on  coordicata  t.  1  -  corresponds  tc  the  opposite  ft); 
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-  to  identical  ( f *)  excitation  ox  adjacent  blocks;  3  -  to  excitaticn 
of  caa  eight  block  (f3),  4  -  field  when  conductor  with  the  current  is 
arranged/ located  in  angle  of  Aj.  for  all  curves  ^*h/H*0.835  (a 
"siailar"  region  of  annular  F-H  cyclotron  of  the  Lebedev  physics 
inst. ) . 

Fage  199. 

Asyaptotic  field  exfrsssions  within  excited  blcck  (x/H>l)  take 
the  fora: 

bat  for  fs  within  excited  blocx  tx/H<-1)  : 

Cifference  froa  the  unit  (or  xexc  in  the  case  (5))  too"4  with  the 
deepening  into  the  blcck  cn  xs(  2— 5)h,  which  aakas  it  possible  to  use 
the  obtained  results  fex  the  lxsitcd  poles  and,  in  particular,  for 
the  periodic  structures. 

2.  Fields  in  pericdic  structures,  in  this  case  (Fig.  3)  cf 
function  f  they  ere  represented  in  the  fees  cf  Fcurier  series: 

avCW-2f  h*  ,  (6) 
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where  the  origin  of  coordinates  is  shifted  the  aiddle  of  block,  and  L 
-  period  of  the  eagnetic  systes  (f»  contains  only  odd  ones,  and  fa  - 
even  hareonics) .  The  use  of  fcrsula  (2)  lakes  it  possible  to  find 
constant  coaponent  (in  the  curve  cr  6  Fig.  «,  and  it  is  depicted 

a„  (m)/2)  : 


L/H 


(?) 


The  knowledge  of  the  sqs  of  tie  squares  cf  haraonics  lakes  it 
possible  to  connect  frequencies  cf  betatron  (fcr  the  cyclotron  with 
sectioned  aagnetic  systca)  *  it  a  the  geoaetric  paraaeters  of  eagnet) . 
Calculations  give: 


£  a*  *<2  VH-^O+H^qic^-pr 

rnvaa».At  1  rui  • 


<t  —E  a* 
i  So  «k«-i 


1  U. 


Ik 


L/H 

**0  ’ 


1  w-1  w  L/H  <>  » 

v£a" - ^l7h -  ~t' 


(8) 

(9) 

i  (10) 


where  foraula  (8)- (10)  ccrrespccd  to  (1)-(3).  Fig.  <tb  (curve  6)  gives 
the  dependence  of  flutter  #a/2«i*0  cn  p.  The  cltained  foraulas  easily 
are  generalized  to  the  case  when  gaps/intervals  have  different  width, 
and  adjacent  blocks  different  width  and  excitation. 


3.  Effect  of  conductors  with  current,  if  is  excited  one  block 
and  conductor  is  arranccc/located  at  pcirt  z***iy  (Fig.  lb),  to  which 
corresponds  point  C  cn  hali-plane  3m $ > 0 ,  then  field  equal 
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where  to  x  is  determined  free  (1),  C*  -  value  ccaplax  conjugated,  C 
which  is  determined  £zca  tha  ralationship/ratic : 


x 

H 


ii. 

% 


Ha-wrtq  Jf. 

[ 


1-C 


V(l-C)a-(l+H9) 

Jz£_ 


onth 


V  ('i-cp-  d+viTj 


]}■ 


(12) 
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Fig.  3.  Geometry  of  aagnctic  syatea  for  the  periodic  structures  (2a  - 
the  width  of  blocks,  2E  -  the  distance  betweer  blocks  L»4  («*H)  -  tha 
period  of  aagnetic  systaa. 
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Fig.  4.  Dependence  of  ccrstant  cciponent  of  field  on  p*h/H  at 
different  height  of  conductor  vita  current  free  Biddle  coordinate 
Flane  of  conductors  (z=btiy  and  2**H-iy)  (a)  and  flutter  #*/2a*0  ft 

>1  in  different  positiccs  c£  ccncuctor  with  current  (fc) .  1-6 
correspond  to  the  consecutive  values  of  y/h*1,  ...»  5,  Parameter 
i*L/4H«2,  which  corres(czds  tc  the  equal  eztects  of  blocks  and 
gaFS/intervals. 
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At  point  z*=x-iy  is  arranged/ located  the  conductor  with  the  sane 
current.  Inverse  currents  are  fcund  in  point  l2  {x— Fig.  1A).  Fig. 
4a  and  4b  gives  dependences  a0  and  #2/2a20  cn  ^  with  the  different 
value  y/h  -  location  cf  conductor  on  the  boundary  of  blcct  A3A«. 
Curved  change  with  increase  in  y/h  from  1  (cccductor  in  angle  of  A3) 
to  shows  the  possible  range  of  changes  a6  and  *2/2a20  in  the  aagnet 
in  different  positions  cf  the  winding  (apprcxiaation/approach  of 
"sharp"  edge  gives  with  ac-0.25  and  #j./2aa0=l  independent  cf  ji 

and  y/h).  During  the  lccaticn  of  windings  of  deeper  (3-5)  h  free  the 
horizontal  plane  their  effect  or  the  fora  of  field  it  is  possible  tc 
virtually  disregard  anc  to  use  fer aulas  (i)-(10).  Fcr  the  extended 
winding  the  field  is  calculated  by  the  addition  of  fields  frea  the 
separate  conductors. 


The  obtained  foraclas  were  used  for  the  calculations  of  the 
aziauthal  fora  of  field  in  circular  F-H  cyclctrcn  [6.  7]  and 
cyclotron  with  sectioned  aagnetic  systea  [8]  and  becaae  a  good 
agreeaent  with  the  expedient.  Fig.  5  gives  calculated  curve  and 
experiaental  points  for  the  of  circular  F—  B  cyclotron  with 

sharply  nenunifora  field  alcng  radius  (  ~'vrb).  «  difference  in  the 

calculation  froa  the  expedient  dees  not  exceed  0.5c/c  and, 
apparently,  it  is  connected  in  essence  with  the  seasuring  errors. 
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Calculation  by  this  Mthcd  c£  field  in  the  region  of  the  shaped 
pole  of  circular  F-a  cyclotron  cf  the  Lebedev  physics  inst.  tade  it 
possible  tc  simplify  production  and  to  immediately  obtain  necessary 
pole-piece  configuration  l  9  ]• 
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Fig.  5.  Dependence  of  aagnetic  field  f*  cn  the  aziauth  in  the 
aeasureaent  on  the  bench.  1  -  >**C.a35;  2  -  -*0.293.  Curve  2  considers 
the  saall  proximity  effect  of  winding  to  operating  region.  Pcints  in 
curves  1  and  2  correspond  to  expariaental  data,  their  size/diaension 
-  to  aeasuring  errors.  Curve  2  -  calculated  field  in  the 
approxiaation/approach  cf  “one"  fleck  (second  is  extended  to 
infinity,  i.e«,  H— *0,  >H*h>.  it  is  evident  that  the  presence  cf 
the  adjacent  unexcited  tlocx  leads  to  a  sharper  field  slope. 
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Page  201. 

Session  V. 

COLLECTIVE  SETHODS  OP  ACCELERATION . 

62.  Collective  ioa  accelerator  -  new  instrument  ia  physics  of 
eleaentary  particles. 

1/  /?  j/’a./rx^TS  «i/ 

(Joint  institute  of  nuclear  research)  . 

Let  us  paus9  briefly  at  the  state  of  Batters  for  the  creation  of 
the  accelerator,  which  uses  electron  rings,  in  the  different 
laboratories  of  peaca/world.  if  we  characterize  position  on  the 
whola,  than  it  is  necessary  to  say  that  the  procedure  of  obtaining 
electron  rings  is  coap lately  aa stored.  At  present  are  solved 
questions  of  obtaining  rings  with  the  aaxiaua  electron  density.  For 
this  is  constructed  a  whole  series  of  new  devices/eqnipaent  and 
installations.  In  the  laboratories  which  dealt,  until  now,  by 
obtaining  snail  clusters  for  the  collective  acceleration,  occurred 
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upheaval  in  the  ideology  of  experiaant  in  favor  of  annular 
f or aation/educat ion.  In  racant  years  ara  published  several 
propositions  on  obtaining  of  circular  cl  asters  by  the  methods, 
diffarent  froa  the  usual  compression,  proposed  by  our  group.  However* 
there  are  no  serious  investigations  both  experimental  ones  and 
theoretical  onas  up  to  now  using  these  aethods  and  therefore  it  is 
difficult  to  speak  about  advantages  and  deficiencia s/lacks  in  one  or 
the  other  eethods.  Plans/layouts  for  naar  future  provide  for  such 
investigations,  and  to  the  following  conference,  apparently*  it  will 
be  possible  to  sake  a  selection  of  optiaua  coapressor.  Briefly  let  us 
pause  at  these  plans/layouts. 


It  is  known  that  already  one-and-a-half/'ago  Kristolfilos  aade 
propositions  on  obtaining  of  circular  clusters  in  the  static 
coapressor.  The  essence  of  this  proposition  is  reduced  to  the  fact 
that  the  ring  in  the  period  of  its  foraation  passes  two 
three-diaensional/space  diverse  stages  of  cospression*  on  one  of 
which  occurs  in  essence  the  acceleration  of  electrons  in  the  ring* 
and  on  the  second  -  bringing/finishing  circular  cluster  to  a 
necessary  radius;  during  the  first  ^taga  are  satisfied  usual  betatron 
conditions  for  field  2:1.  At  present  is  conducted  the  preparatory 
work,  which  foresees  the  possibility  of  using  the  nagnetic  system 
"astro-on"  for  foraation  and  accelerating  the  electron  rings.  It  is 
assuaad  that  the  work  on  the  acceleration  will  begin  to  be  carried 
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oat  £roa  in  the  spring  o£  1971. 

In  1971  questions  of  obtaining  and  accelerating  the  circular 
clusters  it  is  proposed  to  investigate  in  one  aore  American 
laboratory  in  the  Oniversity  of  aaryland.  Until  the  present  tine  this 
research  group  was  occupied  by  obtaining  and  studying  the  bandies  of 
electrons  of  cylindrical  type*  applying  the  aethod  of  the  adiabatic 
coapression  of  electron  spiral  m  the  longitudinal  aagnetic  field  of 
stopper  configuration;  to  this  group  it  was  possible  to  obtain 
coapact  electronic  f oraation/educations.  In  the  final  state  of 
coapression  electronic  snail  cylinder  had  sizes /diaensions  0.4x4  of 
ca.  However*  the  difficulties*  connected  with  the  retention  of  this 
cluster  upon  the  acceleration*  in  practice  do  not  aaka  it  possible  it 
to  utilize  for  purposes  of  the  collective  acceleration  of  high 
intensity.  At  present  occurs  the  technical  rearaaeent  of  group  - 
group  obtains  electronic  direct  voltage  accelerator  on  energy  4  He? 
with  the  current  10  kA.  There  occurred  change  and  directions  of 
investigations.  Is  outlined  transition  to  obtaining  and  study  of 
circular  clusters.  The  foraation  of  cluster  is  intended  to  conduct  in 
the  static  aagnetic  field*  which  has  at  the  output  aagnetic  eirror. 
The  f oread  in  the  aagnetic  field  spiral  froe  the  electrons  with  the 
iapingeaant  to  the  plug  is  grouped  into  the  ring.  As  show 
calcalations,  to  obtain  snail  sizes/diaensions  of  the  section  of  ring 
thus  is  difficult.  Direct  voltage  accelerator*  which  is  intended  to 
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utilize  in  these  experiments,  gives  the  large  scatter  of  particles  on 
the  energies,  and  this  even  sore  impedes  obtaining  the  parameters  of 
ring. . nevertheless  experiments  are  designed  for  obtaining  in  the  ring 
of  10 **  electrons  and  it  is  more. 

Let  us  pass  to  the  state  of  matters  and  the  nearest 
plans/layouts  in  the  laboratories,  which  wort  on  the  usual  diagram  of 
obtaining  circular  cluster.  Largs  successes  achieved  in  last  year  the 
group,  which  worts  in  Garching  (?BG) .  Utilizing  an  electron 
accelerator  of  direct  action,  this  group  obtained  in  the  compressor 
the  ring  of  elactrons  by  diameter  on  the  order  of  7  cm.  The  special 
feature/peculiarity  of  the  compressor,  created  with  this  group,  is 
the  rapid  time  of  compression  of  ring  (9  ms) .  This  is  reached  because 
of  the  use  of  a  single-turn  single-stage  winding  of  pulse  field.  The 
total  number  of  electrons  in  the  ring  is  small  (-.io*8-10» ») .  In  this 
i3  guilty  first  of  all  the  electron  accelerator,  which  has  the  high 
energy  scatter  of  particles.  The  use  of  a  single-stage  system  of 
compression  also  affects  tne  process  of  capture  and,  therefore,  to  a 
number  of  seized  particles.  At  present  is  accomplished/realized 
transition  to  the  usual  version  of  the  three-stage  compress! on.  This 
gives  tha  possibility  to  decrease  the  sizss/dimensions  of  ring  and  to 
increase  the  total  number  of  electrons  in  it. 


Page  202 
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As  is  shows  axperinent  of  the  use  of  direct  voltage  accelerators 
for  obtaining  the  circular  clusters,  such  accelerators  cannot  conpete 
with  the  induction  ones  and  without  an  essential  isproveaent  in  the 
qualities  of  beaa#  apparently#  they  cannot  be  utilized  for  obtaining 
the  circular  clusters  with  the  large  proper  fields.  Basic 
labocatocies  dealt  by  dewelopaent  and  creation  of  the  nore  effective 
injectors  which  would  aah*  it  possible  to  obtain  electric  ion 
clusters  with  the  effective  intensity  /strength  of  field  **10'  T/ci. 
This  it  is  possible  to  acnieve  first  of  all  due  to  a  considerable 
increase  in  the  intensity  of  the  electron  accelerators#  and  also  due 
to  the  decrease  of  the  perveance  of  launching/starting  the  electrons 
of  these  accelerators. 

The  solution  of  precisely  these  questions  coaposed  the  basis  of 
the  scientific  prograa  of  tne  group  of  Berkeley.  This  group  achieved 
the  great  successes  in  the  foraation  of  electron  rings.  However# 
further  prograss  of  the  investigations  of  this  group  was  restrained 
by  t«o  basic  reasons:  a)  the  electron  accelerator  which  was  utilized 
by  this  group  as  the  injector#  it  possesses  sufficiently  high 
perveance#  which  iapedes  obtaining  circular  cluster  with  the  optiaua 
pacaaeters;  b)  insufficient  vacuus  in  coepressor  (6*10  7  an  Hgj  does 
not  aake  it  possible  to  conduct  the  acceleration  of  cluster  due  to 
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destructive  resonance  effect  Qv  >. 

At  peasant  in  pr&ctica  ara  completed  worts  on  the  creation  of 
naw  electron  accelerator.  Inis  is  betatron  type  linear  accelerator. 
Ose  as  basic  Material  of  tne  inductors  of  this  accelerator  of  ferrite 
gives  possibility  due  to  snorteoing  of  the  duration  of  oulse  (30  ns) 
to  increase  substantially  peat  poser  and  to  accelerate  electronic 
currents  *1000  A.  Transition  to  the  fiald  e Mission  cathode 
substantially  iaproves  the  quality  of  the  accelerated  bean. 
Characteristics  indicated  anov*  of  accelerator  in  conjunction  with  a 
saall  scatter  of  particles  on  energies  ( hE/B—0.  5o/o)  will  ante 
possibla  to  obtain  in  annular  cluster  «3«1 0»>  electrons.  This  ring  is 
possible  to  use  for  accelerating  the  protons  with  the  awerage/aean 
strength  of  field  to  5«10*  v/ca. 

The  worts,  conducted  by  group  in  Dubna,  passed  in  two  sain 
trends:  investigation  on  the  aodei  of  collective  accelerator  and 
investigations,  connected  with  the  creation  of  separata 
eleaents/cells  and  systeas  of  future  accelerator.  The  basic  task 
which  was  solved  on  the  aodei  of  accelerator,  was  the  adjustaent  of 
the  separate  eleaents  of  setting  up  for  the  acceleration  in  the  ring 
a  -  particles.  This  adjustaent  was  dictated  the  need  of  studying  the 
behavior  of  those  accelerated  a  -  particles  in  the  ring  abont 
different  accelerations  of  ring.  Sxperiaents  east  be  conducted  at 
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diffsrant  speeds  of  circular  cluster.  These  investigations  will  sake 
possibls  to  correctly  detarnin*  raguiraeents  for  the 
pcecision/accuracy  of  the  aaiateaance  of  accelerating  field,  which  is 
extraaely  important  in  the  first  stages  of  acceleration  for  the  tines 
of  acceleration,  con  pared  with  the  tiae  of  the  oscillation  of  ions 
within  the  electronic  potential  pit.  If  this  is  transferred  to  the 
appropriate  energies  of  the  accelerated  ions,  then  this  corresponds 
to  energies  1-4  neV/nucleon.  To  conduct  such  investigations  on  the 
ions  of  heavy  eleaents  is  difficult.  Thus,  for  the  ions  of  nitrogen, 
for  vhich  were  conducted  the  first  experiaents  on  the  acceleration  in 
the  ring,  it  is  possible  to  select  the  nuclear  reactions  according  to 
which  it  is  possible  to  detecaine  the  intensity  of  accelerated  ions. 
However,  the  thresholds  of  these  reactions  lie/rest  sufficiently  high 
(3-n  fle? /nucleon,'  and  therefore  it  is  iapossible  to  investigate 
entire  region  of  energies  wits  the  aid  of  nitrogen  ions,  a  - 
particles  were  selected  because  all  possible  nuclear  reactions  with 
thea  in  the  interesting  us  range  of  energies  are  well  studied  on  the 
cyclotrons.  During  the  preparation  of  installation  for  the 
acceleration  a  -  particles  we  proceeded  also  froa  the  fact  that  after 
conducting  of  the  necessary  aeasureaants  it  would  be  possible  to 
sufficiently  rapidly  switch  over  to  the  acceleration  of  protons. 

Preparation  of  installation  included  two  basic  tasks:  shaping  of 
the  aagnetic  field  of  the  corresponding  configuration  and  obtaining 
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■ora  fine  vacuun.  The  rearrange  sent  of  aagnetic  field  eacoapaseed  the 
creatioo  of  the  necessary  three-diaensional/space  gradient  in  the 
saction  of  the  conclusion/output  of  circular  cluster.  In  order  to 
ensure  tha  possibility  of  the  control  of  accelerating  voltages  both 
as  a  whole  in  the  section  of  conciusion/output  and  in  the  individual 
sections,  along  the  length  of  acceleration  it  was  introduced 
additionally  tha  dash  of  curn  in  by  current.  The  current  through 
these  turns  can  be  regulated,  changing  the  tiee  of  the  start  of  the 
intercepting  discharger/gap.  Such  changes  in  the  diagram  aade  it 
possible  to  snsura  a  steady  change  in  the  gradient  of  the  eagnetic 
field,  which  accelerates  the  annular  cluster.  As  showed  the 
■aasureeents  of  aagnetic  field,  this  systae  of  conciusion/output  will 
■ate  possible  to  accelerate  a  -  particle  in  the  range  of  energies 
froa  1  to  10  Hey/nucleon. 

Transition  to  the  acceleration  a  -  particles  required 
iaproveaents  in  tha  vacuus  in  the  chaaber/caaera  of  coapcessor  2-3 
tiaes.  This  is  dictated  first  of  all  by  the  need  to  liait  the  content 
of  tha  ions  of  residual  gas.  For  guaranteeing  the  necessary  pressures 
in  the  chaaber/caaera  was  iaproved  the  systea  of  vacuum  evacuation. 
Besides  usual  systai  were  introduced  additionally  two  turboaolecular 
puaps  of  the  type  THM-2QQ. 

For  further  acceleration  of  circular  cluster  is  provided  for  the 
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system  of  resonators  with  appropriate  modulation  of  magnetic  fiald 
along  the  length  of  accelaratioa.  As  the  accelerating  element  of 
system  is  selected  the  coaxial  cavity.  Por  the  final  selection  of 
constructing/designing  this  resonator  were  carried  oat  the 
investigations,  connected  with  the  work  of  resonator  in  the  pulse 
magnetic  field,  and  also  the  investigations  of  high-frequency 
discharge,  on  tae  basis  of  chase  investigations  is  made  the  selection 
of  constructing/designing  this  resonator.  Resonator  is  made  from  the 
stainless  steel  with  thin  copper  coating  of  internal  surface. 

Important  for  the  model  of  accelerator  is  the  agreement  of  tine 
of  flight  the  electron  ring  of  the  clearance  of  resonator  with  the 
phase  of  high-frequency  oscillations.  Por  guaranteeing  the  necessary 
precision/accuracy  of  agreement  is  selected  the  system  of  consecutive 
bunching  of  rings,  which  consists  of  three  resonators.  As  showed 
calculations,  this  system  can  ensure  agreement  into  90o/o  of  cases, 
i.e.,  with  -320°  on  the  phases  of  accelerating  voltage. 

The  second  direction  of  the  works  of  group  encompassed  the 
investigations,  connected  with  the  creation  of  separate 
elements/cells  and  systems  of  che  future  accelerator.  These 
investigations  provided  for  the  creation  of  the  new  injector  of 
electrons,  cryogenic  accelerating  section  and  the  selection  of  the 
optimum  configuration  of  compressor. 
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Linear  induction  accelerator  at  the  present  tiae  -  fundamental 
sat,  which  mates  it  possible  to  obtain  the  eonoenergetic  relativistic 
charged  particle  beans  of  tbs  large  intensity. 

Page  203. 

Work  experience  with  siailar  type  accelerator  showed  the  possibility 
of  designing  of  accelerator  witn  tue  substantially  larger  intensity 
of  the  accelerated  particles  without  the  essential  complication  of 
systems.  On  the  contrary,  as  showed  the  investigations  of 
sampLed-data  system,  the  accelerating  part  can  be  simplified.  The 
investigations  of  different  commutators  showed  that  most 
ad equate/appc oaching  for  the  accelerator  are  the  thyratrons  of  the 
type  T3I-  1  2500/50,  which  for  the  duration  of  pulse  10""T  s  are 
capable  of  drawing  current  -12  kA. 

A  basic  question  during  the  creation  of  this  accelerator  is  a 
question  of  the  selection  of  material  for  the  core  of  the 
accelerating  alemmnt/ceil  -  inductor.  Obvious  is  the  fact  that  this 
material  must  possess  very  small  specific  conductivity,  in  another 
case  due  to  the  strong  surface/shin  effect,  called  by  eddy  currents, 
the  voluee  of  ferromagnetic  material,  necessary  for  producing  the 
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inductor,  would  prove  to  Os  large.  Expedients  showed  that  for  the 
duratioas  of  operating  pulse  30-40  ns  the  aost  adeguate/approeching 
aaterial  is  ferrite.  However#  the  low  value  of  the  saturation 
induction  of  ferrite  3 u peri a poses  supplementary  require eeats  for  the 
pcinary  iapulse/aoaent ue/pulse#  namely  to  its  duration.  For 
shortening  of  the  pulse  duration  in  the  diagraa  is  utilized  the 
saturation  of  ferrite  core.  The  section  of  ferrite  is  selected  in 
such  a  way  that  with  the  given  aeplitude  of  current  saturation  would 
begin  after  tine  *HM„'  after  which  autoaatically  occurs  the  shunting 
of  load  and  voltage  on  it  rapidly  drops  to  zero.  In  order  to  avoid 
the  losses  of  bean  due  to  the  loi^power  electrone#  which  are  forned 
at  the  leading  iapulse  front#  necessarily  reasonably  possible 
shortening  of  front.  For  this  is  used  the  systee  of  the  aggravation 
of  front  with  the  aid  of  the  coaxial  line#  filled  with  ferrite. 

During  the  use  of  a  cut  of  coaxial  dieension  line  38x24x7.5  ee  and 
by  length  of  70  ce  was  obtained  the  iapulsa/eoeentua/pulse  with  the 
front  5  ns  for  the  duration  of  the  front  of  launched  pulse  70  ns. 

This  aaie  possible  coapletaly  to  forego  the  special  prelieinary 
iapulse  shaping  and  to  be  restricted  to  the  use  of  a  siaply  storage 
ca  pac it y/capacit  ance . 

The  described  above  investigations  becase  the  basis  of  the 
created  at  present  accelerator. . 
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Basic  paraaeters  of  the  accelerator: 

energy  of  the  electrons  of  -3. 5  Ha? • 

Nazlaaa  paisa  currant  of  2000  A. 

Duration  of  the  aake  paisa  of  20  as. 

Pulsa  rapatitioo  rata  of  50  Hz. 

Scattar  of  particlaa  oa  turn  aaacgias  AE/E-lo/o. 

Tha  aock-ap  of  tha  accelerating  systea  is  falfillad  in  tha  fora 
of  tha  systaa  of  tha  superconducting  rasonators,  placad  iato  tha 
longitudinal  aagnatic  fiald  20  kg,  craatad  by  tha  sapaccoaductiag 
windings.  Foe  tha  parposa  of  salacting  of  tha  aatacial  of  casoaatocs 
waca  cacciad  oat  sxpaciaaats  on  tha  investigation  of  tha  skin  drag  of 
super conductors  of  tha  2nd  kind  under  tha  influence  on  than  of 
nagnetic  fiald  20  kg.  Tha  casults  of  thssa  works  give  grounds  to 
speak  today  about  tha  possibility  of  designing  of  tha  suparcoaductiag 
resonators,  operating  in  the  aagnatic  fields,  with  tha  guality  >10*. 
For  obtaining  tha  high  values  of  guality  it  is  nasassary  to  conduct 
tha  stadias  of  tha  affect  of  different  treataants  of  tha  surface  of 
resonator  on  the  quality.  At  present  are  conducted  investigations  oa 
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th a  application  of  tha  superconducting  coatings  on  tho  casonatoc  with 
the  iisa  of  tha  glowing  discharge.  Sxperiaents  with  tha  pura/eleaa 
superconductors  it  becaae  tha  encouraging  results*  In  detail  tha 
ra suits  of  invastigations  on  the  cryogenic  accelerating  section  will 
be  represented  in  the  separate  report. 

In  the  Latter /last  part  of  the  report  to  ae  it  would  like  to 
dwell  on  the  question  of  the  use  of  a  collective  accelerator  for  the 
physicist  of  alaaantary  particles,  This  question  frequently  is  raised 
on  different  conferences  and  many  they  frighten  the  coaplataly  new 
conditions  for  the  work  of  physical  equipaent.  Conteaporary  physical 
sxperiaents  in  tha  net hod  of  conducting  can  be  divided  into  two 
groups.  In  sone  equipaent  records  everything,  which  through  it  passes 
without  any  preliainary  selection.  In  others  -  tha  equipaent  works  in 
the  controlled  aoda/conditions,  i.e. ,  it  records  only  sons  events 
which  are  selected/takan  by  special  starting  systaa,  disregarding  tha 
large  part  of  passing  through  not  "uninteresting1*  particles,  usually 
without  tha  preliainary  selection  ara  studied  tha  processes,  which  go 
with  the  relatively  large  cross  section,  for  axaapla,  tha 
foraation/aducation  of  resonances,  elastic  scattering,  total  cross 
sections.  2b  the  uaguided  aode/conditions  works  the  equipaent  in 
neutrino  experiaants  due  to  the  saallaess  of  tha  interaction  cross 
section  of  neutrino.  The  controlled  aois/conditions  of  tha  work  of 
axpariaentnl  installations  is  applied  in  the  case  of  tha 
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investigation  of  race  reactions  or  search  of  rare  particles.  For 
exaaple,  in  the  sxperiaant  of  Xu.  Prokoshkin's  group  on  tha  searches 
of  the  antiauclei  of  heliua  for  recording  five  nuclei  through  the 
detectors  were  passed  2.10**  pi-aesons. 

Collective  accelerator  is  characterized  by  the  fact  that  in  it 
it  is  difficult  to  realize  the  expanded  in  the  tine  discharge/break 
of  the  accelerated  particles  an  the  target.  The  aethods  of  the 
teaporary  selection  on  this  accelerator  are  unacceptable. 

The  basis  of  the  procedure  of  experinent  on  this  accelerator 
nust  be  track  detectors. 

In  order  to  aacoapass  entire  class  of  the  ezperiaenfes  which  are 
conducted  on  the  conte sparer?  accelerators,  track  detectors  sust  sake 
it  possible  to  carry  out  experisents  at  least  with  the  saae  particle 
flaxes,  as  at  present.  Let  us  ezaaine  the  possibilities  of  such 
detectors. 

Pilnless  spark  chaabers/caaeras,  proportional  wire 
chanbers/caaeras  and  streaaer  chaahers/caaeras  sake  it  possible  to 
siaultaaeously  record  to  100  tracks.  The  operating  speed  of  these 
instrunents  is  such,  that  they  allow/assune  synchronous  working  with 
the  accelerator  at  the  fregueacy  of  aessages  to  10*  iap./s.  Thus, 
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cooperatively  easily  caa  oa  realized  tha  experiaents  la  which  tha 
particla  fluxes  reach  10*  or  2.  .10**  particles  ia  500  hours  of  work  of 
the  accelerator.  (Collective  accelerator  it  caa  operate  at  a 
frequeacy  of  10*  Hz.). 

Under  these  conditioas  of  the  work  of  experiaeatal  installation 
tae  function  of  the  selection  or  events  is  transferred  froe 
experimenter's  equip  went  to  the  coaputar.  The  analysis  of  development 
of  coaputational  technology  shows  that,  apparently,  into  the  next 
five  years  it  is  possible  to  rely  oa  the  creation  of  the  nachines, 
which  sake  it  possible  to  treat  this  quantity  of  inforaation.  By  such 
fora,  track  electronic  engiaeeriaq  will  sake  it  possible  to  optisally 
utilize  possibilities  of  collective  accelerator  and  to  effectively 
conduct  research  in  its  beans.  Furthermore,  accelerator 
opens/discloses  completely  new  possibilities  in  tha  analyses  of  the 
properties  of  neutrino.  Hill  appear  the  possibility  of  designing  of 
the  aonochrosatic  beans  of  neutrino  (AE/S— I0o/o) . 

Page  20h, 

This  fast  not  only  aakes  it  possible  at  the  qualitatively  new  level 
to  carry  out  all  neutrino  experiaeats,  but  also  offers  the 
possibility  of  the  setting  up  of  the  experiments  which  ia  principle 
cannot  be  carried  out  without  the  aonochrosatic  neutrinos,  hn  exnaple 


I 
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of  this  expect sent  can  m  B*  Popteaorvo's  proposition  about  tbs 
search  of  strong  interaction. 


Ia  conclusion  se  it  is  desirable  to  express  large  gratitude 
those  all  sent  propositions  according  to  possible  experiaents  on  tbe 
accelerator  and  especially  v.  i.  sviridow,  who  actually  based  tbe 
systesatic  possibility  of  tae  setting  up  of  these  experiaents. 
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63.  Soae  questions  of  the  theory  of  the  acceleration  of  ions  by  tbs 
scanning  of  electron  baaa. 

A.  A.  Kolonenskiy,  I.  Logachev. 

(Physical  institute  is.  P.  3.  Lebedev  of  the  AS  OSSB) . 

Decently  such  attention  attract  the  collective  aethods  of 
acceleration.  Aaong  thee  is  separated/liberated  the  aethod  of 
accelerating  the  ions,  seized  in  relativistic  electron  rings  and 
aoved  together  with  thee  1 1  ]•  Are  known  other  aethods  of  the 
collective  acceleration  naan  the  use/application  of  rings  it  is 
possible  to  avoid.  Idea  of  one  of  such  aethods  in  the  fora  of  the 
diagraa  of  novlng  foci  was  expressed  already  long  ago  (see  [2],  and 
also  [3]).  This  diagraa  it  is  possible  generalize,  being  based  on  the 
achiavaaants  in  the  creation  of  high-current  electron  beans  and  by 
considering  the  dlsplaceasnt  (scanning)  of  this  focused  bean  as 
whole. 


The  task  of  this  wort  is  the  study  of  sons  probleas  of  particle 
dynanics  with  the  scanning  of  be ass  for  accelerating  the  ions. 

Let  us  exaaine  the  sisplast  in  principle  possible  diagraa  of  the 
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acceleration  of  ions  by  tbs  scanning  of  tha  alsctron  bans  (saa  Pig. 

1) .  Proa  point  0  coaas  high-current  electron  bans  with  tha  circular 
cross  section.  Electrons  with  total  energy  after  tha 

passage  of  the  focusing  systea  nova  in  tha  direction  07,  for sing 
currant  1.  Tha  electron  bean  with  the  aid  of  tha  deflection  systaa  is 
novel  as  whole  in  transverse  direction  CD.  At  point  C  occurs  tha 
adai3sioa  (capture)  of  tha  ions  which  are  carried  off  by  the  field  of 
electron  beaa  and  are  accalaratad  in  direction  D.  The  curve  ODB  is  an 
instantaneous  photograph  at  the  given  instant  of  the  position  of  the 
particles  of  the  beaa,  which  laft  the  deflection  systaa  at  the 
different  sonants  of  tiae. 

Envalopa  of  particles  of  electrons  taJcing  into  account  the 
Coulonb  forces  is  described  by  the  equation: 


whara  x  -  radius  of  bees  in  section  x;  A  °  ~  -  ,  I  -  beaa  current 

in  aaparas;  y  -  relativistic  factor.  Tha  solution  of  this  aquation  is 
tha  following  expression,  which  gives  connection/couauaicatioa 
between  the  longitudinal  coordinate  z  and  a  radius  of  the  beaa 
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If  beaa  is  focused,  then  at  a  distance 


a.  f  »*  *  r 

I®  ia’  ^o"  2,4"  10'*  I 


(3) 


f cob  the  focusing  systee  will  be  located  "sausage  aode”  oc  crossover 
with  the  radius 


'min  “  '#* 


(4) 


Electric  field  on  the  edge  of  bens  in  the  region  of  sausage  aode  is 
detarainad  by  tha  expression 


£ 


sol  1? 
•*o  * 


(5) 


where  I  -  beaa  current  in  the  aapeces;  %  -  radius  of  bean  in  the 

cent!  eaters. 
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Fig.  1.  Diagraa  of  tha  acceleration  of  ions  by  the  scanning  of 
electron  beaa.  a)  the  high- current  accelerator;  b)  focusing  systea, 
c|  the  deflection  systea;  d)  electron  beaa. 

Page  205. 


Opon  tha  acceleration  of  ions  due  to  thair  shifting  (scanning) 
together  with  the  aiectroa  oeaa  it  cannot  be  allowed/assuaed  so  that 
the  displaceaant  would  occur  with  too  high  an  acceleration,  since  as 
a  result  of  the  action  of  the  inertial  forces  ions  froa  tha  bean  can 
ba  lost.  If  wa  are  restricted  to  nonrelatiwistic  case  Ei,i£  %*•,  where 
Eio  -  rest  energy  of  ion,  then  the  allowable  acceleration  is 
deterained  by  the  ineguality 


Talcing  into  account  (6)  aaxiaua  energy  to  which  it  is  possible  to 
accelerate  ions  in  cut  1,  will  be  deterained  by  the  expression 
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Dependence  £.  on  I  for  tie  different  values  <x0  and  at  the 
pressribed/assignad  value  y  it  is  shown  in  Fig.  2.  The  straight  line 
AB  is  ieterained  by  the  locus  of  extreaa  ■gj  ”  1  and  it  corresponds 
to  condition  rl0m1 •  For  as  is  o£  interest  region  I<I0  or 

The  increase  of  a  radius  of  bean  with  the  prescribed/assigned  current 
leads  to  an  increase  in  the  effective  electric  field  and,  therefore, 
to  the  possibility  of  accelerating  the  ions  to  the  high  energies. 
However,  valua  ^min  east  be  bounded  below  by  certain  value  KV  k<1  in 
order  to  ensure  the  necessary  phase  volume  upon  injection  and  during 
capture  of  ions  into  the  accelerative  node/conditions.  In  this  case 
to  what  in  Fig.  2  corresponds  the  straight  line  EF. 
Haquirenent  on  '■’min  Units  froa  anove  the  field  of  energies  to  which 
it  is  possible  to  accelerate  the  ions 


Ei« 


soei 

'lmln 


(«) 


For  the  realization  of  scanning  it  Is  necessary  that  the  longitudinal 
sizes/diaensions  of  beaa  r0  (distance  fron  the  focusing  systen  to 
■stretching*)  would  be  aore  than  its  transverse  sizes/diaensions 
Moreover,  the  theory  of  tne  electron  beaa  is  constructed  on  the 
assuaption  about  its  paraxiality.  In  accordance  with  this  we  set  the 
following  liaitation 


3 


S  i  ' 


l 


Li 
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Th*  optinue  value  of  current,  union  corresponds  to  maximum  energy  of 
the  accelerated  ions,  is  equal  to 


6n  k  )  (10) 

E - y*(M96),  (ID 

1  *min  V  fle/  ^  '  9 


where 


<9  ( a)  -  e  j  e  dt . 

0 

The  scanning  of  electron  oeaa  is  accomplished  with  the  aid  of 
tha  magnetic  or  the  electrical  of  the  rotary  systems  whose  parameters 
should  be  selected,  on  tha  oasxs  or  the  optimum  conditions  for 
acceleration,  as  showed  calculations  for  the  computers,  the  notion  of 
ions  with  angular  shifts  of  beam  in  limits  of  30°  occurs  virtually  on 
the  straight  line,  parallel  to  the  direction  of  scanning,  but  to  the 
initial  thermal  velocities  of  ions  do  not  have  in  this  case  a 
noticeable  effect.  This  can  aaka  it  possible  to  manage  without 
suppleneot&ry  devices/equipment  for  tha  focusing  of  ions,  although 
this  guastion  requires  supplementary  investigation,  in  order  to 
ensure  the  maximum  permissible  or  magnetic  field  of  rotary  systems 
according  to  the  lav: 


H  -  1,7  ^ $tr»  t~~  (zc) ,  *-10  cek, 

22 


hjfttOaiitfe 
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vheca  h  -  significant  diaension  of  tbe  deflection  systen  in  the 
can tine tars. 

Poc  brevity  vs  do  not  give  forealas  and  are  liaited  to  tbe  table 
of  values  y,  l,  Eu  for  specific  case  i9-  r>  r-.t,  -iM«  o,i  >-m,  ^0/i0  “5*  c* 

*40  cm. 


r 

•2 

•i 

8 

10 

!  15 

I,o 

| - 

JO 

r.o 

'  500 

1250 

2500 

[  8000 

E>9« 

0*5 

4,0 

15 

35 

65 

200 

Key:  (1).  Be?. 
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Pig.  2.  Dependence  Bn  Ej,  on  lnl  with  7=  10. 

Page  206. 

As  can  be  seen  froa  ranis,  for  Increasing  in  energy  and 
intensity  of  the  accelerated  ions  it  is  necessary  to  siaultaneously 
increase  the  values  of  the  current  of  electrons  and  their  energy 
(factor  r)  • 

In  conclusion  let  us  note  that  for  the  application  of  eethod  of 
scanning  it  is  necessary  to  overcoee  numerous  difficulties.  However, 
scanning  has  the  definite  advantages,  and  first  of  all  the  fact  that 


| 

i 


DOC  *  80069216 


paua  p 


drops  off  the  necessity  of  the  use/application  of  a  complicated 
cospressor  and  antire  systee  for  forsatioo  and  aaintaining  of  rings 
and  guarantee  of  their  stability. 
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Discussion. 

n.  S.  Rabinovich.  What  aethod  of  the  creation  of  overwinding  nods  you 
do  utilize  with  the  scanning  of  electron  bean? 

I.  I.  Logachev.  First,  nucn  here  depends  on  the  beaa  which  wo  will 
have.  Depending  on  its  properties  are  selected  the  sethods  of 
focusing.  Secondly,  here  is  not  proposed  a  concrete  scheae,  but  only 
aethod  of  acceleration. 

I.  v.  chuvilo.  What  you  can  say  about  the  effect  of  nonparaxiality  of 
electronic  and  ionic  cosponeat  on  the  final  result  of  your 
calculations? 


I.  Z.  Logachev.  This  was  not  attained? 
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I.  V.  Chuvilo.  But  tins  can  load  to  the  resonances. 

I.  £•  Logichev.  Question  of  resonances  to  soae  degree  opanad.  Ba 
do  not  hare  this  closed  systea  as  in  the  relativistic  rings  share  the 
saae  electrons  always  coexist  with  the  ioas.  The  electrons  are 
carried  out  by  bean,  with  tea  ioas  each  tine  are  contacted  new 
portions  of  electrons. 

k.  A.  Koloaenskiy.  I  would  want  to  sake  the  following  observations  in 
connection  with  questions  of  £.  S.  Rabinovich  and  1.  V.  Chuvilo. 
Focusing  of  electron  bean  and  creation  of  necessary  overwinding  node 
(crossover)  caa  be  obtained  with  the  aid  of  nore  or. less  usual 
electron-optical  systaas,  in  particular,  with  the  aid  of  the  aagnetic 
guadrupole  lenses,  special  reguireaents  it  is  necessary  to  present  as 
electron  source  in  the  ssnse  of  its  hono can tricity  and  eaittance.  For 
our  estiaations  we  tried  to  take  the  values  of  the  paraaeters, 
already  achieved /reached  in  the  experiaent.  For  exanple,  electron 
density  in  the  stretch m <3  node  corresponds  so  that  in  the  electron 
rings,  rate  of  rise  of  aagnetic  field  in  the  deflection  systea  and 
sixes/dinensions  of  the  region  of  field  approxinately/axaeplarily 
reached  correspond  to  paraaeters,  which  characterize  the  work  of 
injectors  in  the  acting  storage  aachines  and,  etc. 
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64.  Study  program ,  connected  with  tha  developaent  of  tha  accelerator 
of  elactron  tings  in  Berkeley  1 . 

FOO TROTS  *.  Hock  is  financed  by  tha  d.S.  Atomic  Energy  Coeaission. 
EHOFOOTNOTB. 

J.  H.  Peterson,  V.  7.  Chash,  A.  A.  Garran,  D.  Keef,  G.  R.  Laabergson, 
L.  J.  Laslett,  7.  A.  Perkins,  A.  a.  Sessler. 

(Lawrauca  radiation  laboratory,  California  university,  USA). 

1.  Introduction. 

In  tha  baginning  of  1968  in  radiation  laboratory  naaad  after 
Brna3t  3.  Lawrence  of  California  university  in  Berkeley  was  created 
group  for  studying  the  new  aethod  of  accelerating  tha  ions  with  the 
aid  of  the  rings,  which  consist  of  ralativistic  electrons.  The  idea 
of  this  acceleration  was  advanced  and  developed  by  Veksler,  Barantsev 
and  by  other  scientists  in  Duona.  £1].  Tha  first  rasults  of  tha  work 
of  group  wars  reported  for  I.  All-Union  conference  on  charged 
particla  accslerators  in  aoscow  in  1968.  In  this  report  the  authors 
aake  the  survey/covarage  of  further  works  and  study  prograa. 
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II.  Experiments  in  obtaining  of  dense  electron  rings. 

Th9  target  of  the  first  large  experiaent  was  foraation  and 
coapression  of  the  electron  rings  of  large  density.  At  the  disposal 
of  the  authors,  fortunately  there  was  the  source  of  relativistic 
electrons  witn  the  large  intensity,  nanely,  astro-a  -  linear 
induction  accelerator  witn  the  energy  of  the  particles  of  3.5  Bef  and 
the  current  400  A. 

The  axial  and  radial  sections  of  used  in  the  wort  experimental 
installation  [2]  by  the  nana  "Coaprassor-2"  are  shown  in  Pig.  1.  The 
"weakly-focusing"  magnetic  field  is  provided  by  three  pairs  of  the 
pulse  windings,  arranged/located  outside  the  ceraaic  vacuus 
chaaber/caaera.  Winding  1  serves  for  the  retention  of  the  injected 
beaa  with  energy  of  3.5  BeV  on  radius  19  cn  and  after-acceleration 
and  its  coapression  to  the  radius  with  which  the  following  winding 
can  continue  coapression. 

Page  207. 

This  process  continues  until  is  obtained  the  beaa  with  a  radius  of 
3.5  ca  and  by  energy  18  BeV. 


Pig.  2  shows  changes  in  the  tiae  of  a  radius  of  beaa,  kinetic 
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energy ,  aagnetic  field  and  field  index  in  ring  in  a  500** 

Billisecond  cycle  of  coaprassioa. 

The  field  index  n  in  tne  very  iapoctant  paraaeter,  since  is 
datecained  the  possibility  of  the  emergence  of  the  resonance 
instability  of  bean.  Osunlly  oean  becoees  unstable,  when  axial  and 
radial  frequencies  of  betatron  and  Q.«  (aunber  of  betatron 
oscillations  pec  revolution)  are  connected  with  the 
relationship/ratio: 

aQ^+  6Q,-c , 

wnere  a,  b  and  c  -  snail  integers,  which  depend  on  the  naans  of  the 
disturbance/part urbation  of  tne  aagnetic  field,  which  calls  the 
instability  of  bean.  In  view  of  the  fact  that  of  frequency  of 
betatron  and  are  deteraiaed  by  the  index  of  a  field  slope  a, 
naaely,  1-n  and  4tsa*n>  then,  obviously,  at  sone  values  of  n 
(S/9,  9/9,  9/25,  1/4,  1/S,  1/9,  etc.)  are  passible  resonances  with  a 
strong  increase  in  the  sizas/diaensions  of  bean,  if  occurs  the 
corresponding  nonlinearity  or  the  distortion  of  nagnetic  field  and  if 
resonance  passes  sufficiently  slowly.  During  the  experiaents  with 
”Coapressor-2”  for  achieveaeat  of  necessary  coapressioa  it  proved  to 
be  necessary  to  select  tha  aode/coaditions  of  change  n  only  for  the 
initial  section  of  the  cycle  of  coapression  (with  a  large  radios  of 
beam  ,  when  distortions  of  aagnetic  field  were  aaxinua.  After  this 
selection  n  the  injected  aeaa  was  conpresssd  alaost  without  the 
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losses.  Ring  density  proved  to  be  equal  to  about  4. 10»*  electrons  and 
it  was  Halted  faster  to  injector,  than  by  sons  effect  in  the 


co a pressor 
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Fig.  1.  The  longitudinal  and  cross  sections  of  installation 
"Coapresaor-2":  1  *  winding  1#  2  and  3;  2  -  frames,  which  support 
windings;  3  -  spacer,  frasss;  a  -  caraaic  wacuua  chaaber/cassra  (bors 
of  45.7  ca| ;  5  -  aoaitor  of  tns  injected  heaa;  6  -  deflecting 
electrodes;  7  -  support  of  wacuua  chaaber;  a  -  support  of  windings. 
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K5)  8p»mi  c  *o*t*m*  uMmf/n/uu  (mrcetr) 

Pig.  2.  Chang*  in  paraneters  during  cycle  of  conpcassion  upper 
curves:  radius  of  ring  (ca)  and  kinetic  energy  of  electrons  (H*7) . 
Lower  curves:  the  index  of  eagnetic  buap  (right  axis/axle  of 
ordinates)  and  aagnatic  field  strength  in  the  ring  (left  axis/axl*  of 
ordinates,  kg) . 

Kay:  (1).  R  (ca)  and  T  (He?) .  (2).  7  in  ring  (kg).  (3).  rise  fron 
■oaant/torqua  of  injection  (m*) • 


■  *•-- 
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Page  203. 

With  tha  wort  it  was  observed  ao  essential  effects  of  space  charge* 
with  exception  of  the  useful  aechanisa  of  self-engageaent,  which 
occurs  with  the  currents  are  above  50  or  75  A.  Sing  reaained  stable 
during  several  Billiseconds,  which  was  lisited  only  to  a  change  in 
the  aagnetic  field,  which  brings  finally  to  value  ft*v  when  bene 
becaae  unstable  and  was  lose.  Mere  observed  also  the  effects  of  ionic 
focusing.  For  the  filling  of  ring  with  ions  into  the  chaaber/canera 
with  the  aid  of  the  rapid-action  valve  was  adeittel  a  saall  quantity 
of  gas.  Tha  introduction  of  ions  caused  earlier  resonance  onset 


fith  the  energy  18  BeV  the  synchrotron  radiation  of  riag  very 
bright  and  can  be  photographed  for  explaining  spatial  distribution  of 
electrons  within  the  ring.  Measurements  showed  that  the  density  is 
distributed  according  to  the  law  of  Sauss,  and  the  res  values  of  an 
inside  radius  of  rings  were  1.6  and  2.3  ns,  which  will  agree  with  the 
results  of  the  eeasureaents,  carried  out  by  the  sound  aethod.  On  the 
basis  of  geoaetric  diaensions  and  quantity  of  electrons  in  the  riag 
was  calculated  the  aaxiaua  value  of  the  electric  field  of  12  BeV/a* 
which  is  already  of  interest  froa  the  point  of  view  of  the 
acceleration  of  ion$.  It  aust  be  noted  that  this  intensity  can  be 
achieved/reached  without  the  special  difficulties  and,  apparently*  it 
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is  not  aaxiaua. 

III.  Sxperinents  in  tha  acceleration  of  ions. 

The  following  task  of  our  group  consisted  of  the  acceleration  of 
the  electron  ring*  loaded  with  ions.  It  was  necessary  to  fora  a  ring* 
to  load  with  its  sewer al  percentages  of  hydrogen  ions  and  to 
accelerate  fron  to  the  energy  into  several  (lev  at  the  length  of  0. 5  n 
with  the  aid  of  the  aagnetic  field.  The  experimental  installation  for 
conducting  these  works*  naaed  M C on pressor- 3 M*  it  is  shown  in  Pig.  3. 

Basic  differences  in  this  installation  froa  "Coapressor-2” 
consist  of  ths  followings 

1)  winding  by  3  was  replaced  oy  the  solenoid*  in  which  was 
accelerated  the  ring; 

2)  winding  1  was  aodifiad  ia  order  to  reduce  to  a  nininun  a 
variation  in  the  decrease  ia  aagnetic  field  n  on  the  first  several 
centiaeters  of  conpressor. 

Prlaary  attention  daring  the  design  of  "Coapressor-3"  was  given 
to  tae  translitioa/oon version  of  the  coepressed  ring  froa  the 
aagnetic  potential  pit  into  the  accelerating  solenoid*  in  which  the 
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■agnatic  field  is  actually  constant.  Ia  this  case  it  is  necessary  to 
ensure  suppleeentary  focusing  in  order  to  avoid,  first  of  all,  the 
vertical  flaring  of  ring  and  in  the  second  place,  its  radial 

instability  vith  approxiaatioa/approach  4%  to  unity.  The  accelerated 
positive  ions  favor  focusing  in  ooth  directions,  but  the  focusing 
forces  vith  the  light  ion  load  are  insignificant.  Focusing  by  iaage 
with  the  aid  of  the  conducting  cylinder  of  the  type  of  "squirrel 
wheel"  [3]  is  tore  effective  and  sore  advisable:  it  increases 
frequency  of  axial  betatron  &<*  and  it  decreases  the  frequency  of 
radial  aoving  aside  resonance 


I 

i 


i 

i 


i  i 

I 
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Fig.  3.  JlM  of  the  crons  section  of  installation  ■Cospressor-3". 

1  -  phototuba;  2  -  plastic  sfcintillatoc ;  3  -  detector  of  X-radiation; 
4  -  aagnetic  aaasucing  turn;  5  -  winding  by  3;  6  -  adaission  false;  7 
-  aoflng  reflecting  probe;  «  -  winding  1,2,  2A;  9  -  noting 
collector  probe;  10  -  cylinder;  11  -  noting  collector  probe;  12  * 
deflecting  windings;  13  *  loop  antenna;  14  -  corundua  tacuun 
chanber/caaera ;  IS  -  sappnire  windows  for  SHF  or  synchrotron 
radiation. 


Page  209 


Tb«  atteapt  to  accelerate  xons  was  not  crowned  with  iuccm* 
bacause  in  "Coapressor  - J*  coaid  aot  shape  the  dags  with  tha 
necessary  parameters.  Thus,  we  did  aot  succeed  in  even  attempting  to 
accelerate  ioas  in  the  well  shaped  ring  within  the  tine#  which  wee 
isolated  to  group  for  the  work  with  tha  accelerator  aetro-l.  The 
authors  encountered  two  difficulties,  first  of  which  was  the  sharply 
pronounced  effect  of  negative  ease,  with  the  increase  of  the  current 
of  the  injected  bean  approxraateiy/mxemplmrily  to  ISO  k  the  radial 
breadth  of  ring  Increased  to  the  value,  which  corresponds  to  lOo/o 
energy  spread,  which  strongly  decreased  electron  density  in  the  ring. 
The  effect  of  negative  ease  occurred  due  to  the  unexpectedly  saall 

energy  spread  La  tha  bean,  obtained  froa  the  injector  which  wan 

'■ 1  ‘j 

coapletely  altered  within  the  tine  between  two  exparleents. . While  the  j 

energy  spread  in  the  injector  during  the  experiments  with 
"Coepcaaaor'2”  was  approximately  0.5o/t>,  in  the  new  injector  it  did 
not  exceed  0.  2o/o.  for  aeasuring  tee  energy  scatter  "Compressor- 3" 
was  utilized  as  aagnetic  analyzer,  since  the  threshold  of  negative 
ease  changes  as  (Ap/p)*,  the  results  of  eeasursaent  indicate  that  in 
"Cospressor-3"  the  threshold  rs  considerably  lower  then  in 
"Cospcessor-2", 

* 

The  second  difficulty,  which  set  during  the  experiment 


"Coapraasor-3",  was  axial  baas  blowup  and  loss  of  Its  largsr  pact  dss 
to  tha  slngla-particle  resonances.  Tbs  loss  of  pactlclss  In  ssssscs 
occurs  with  n«Q.  5  (i.e.  wnsn  U-v-dx  »0) .  The  aystsa  of  windings  \ 

psrsLttsd  isplsaention  of  an  injsction  with  n<0.5.  but  attsspt  of  ! 

work  la  this  region  led  to  tbs  considscable  losses  of  bean  in  tbs 
prossnce  of  resonances  n*V^b  and  n=l/4.  These  resonances  becaee 
apparent  also  during  the  experisents  with  ”CoBpressor~2",  but  then 

m 

they  brought  less  than  uneasiness/unrest,  since  the  foes  of  aagnetic 
field  was  different. 

IV.  Prograa  of  the  works,  being  conducted  at  present. 

fhe  reasons  for  the  instabilities  which  they  set  during  the 

,1 

experiaent  with  "Con pressor- i".  now  are  sufficiently  well  studied, 
and  into  construction  of  installation  introduced  the  necessary 
changes,  in  order  to  get  rid  of  the  instability,  called  by  the  effect 
of  negative  mass,  first  of  all.  at  is  proposed  to  supply  on  the  path 
of  bundle  foil  of  variable/alternating  thickness,  which  will  ensure  n  ; 
sufficient  instantaneous  energy  spread.  The  instabilities,  which 
appear  as  a  result  of  tba  resonances  of  single  particles,  are 
excluded  by  the  change  in  the  fora  of  nagnetlc  field,  which  decreases 
ths  sacond  J>y  third  derivsd  fields  ( and  )» causing  resonance  ; 
n-O.J. . furthermore,  the  decrease  of  the  esieuthnl  distortions  of 
aaghetic  fisld  will  excluds  rssoaancas  a *9/25  and  ill  thasa 


/ 
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changes  in  the  construction/design  of  installation  at*  checked  la  tkf 
recently  initiated  new  experiments  with  the  coepressoc.  la  winter 
1970*1971  we  proposed  to  derive  and  to  acceiecate  the  loaded  with 
lone  electron  rings. 

V.  Equipment  of  new  injector. 

For  the  eora  systematic  execution  of  our  prograa  of  wot  he  ie  the 

course  of  the  latter /last  several  months  in  Bethels y  ie  Leetalled  sew 

in jec tor- accelerator .  This  linear  induction  accelacatoc  with  ths 

energy  4  tie V  and  aaxiaua  current  500  k  in  the  principle  ie 

slailar/such  to  Injector.  Astro-N,  but  has  saaller  duration  of 

ispulsa/aoaen tun/pulse  (froa  JO  to  40  ns)  and  snails*  repetition 

frequency  of  the  accelerating  cycles  (1  Hz),  which  simplifies  and 

reduces  the  cost  of  its  creation.  The  conatruction/deaign  of  injector 

ia  nodular;  It  consists  of  seventeen  resonators  which  by  driving 

pulses  by  the  duration  of  40  as  fros  the  foreiag  lines  of  Blooalels. 

on  the  clearance  of  each  resonator  the  voltage  is  equal  to  0.45  nr. 

Fig.  4  shows  one  of  the  resonators,  inductive  cores  ace  aade  froa 

ferrite,  but  not  of  the  convoluted  metallic  strip/file,  as  this  was 

dona  aarliar.  aesonators  aca  not  only  partly  tha  lnjactor,  but  also 
% 

secva  as  aodels  for  testing  thw  possibility  of  thsir  use/applicatioa 

for  accelerating  the  electron  nags  in  tha  accelerator  to  the  high 

energise.  Below  this  gaa'stloa  will  be  exaaiaad  ia  aor*  detail. 

Our  alactron  gun  ebqet  saw  accelerator,  shown  on  Ptj.  S, 

cob al eta  of  five  such  resonators,  srraaged/located  adjacent  to  each 

% 
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Fig.  4.  flaans  of  the  cross  section  of  tha  casonator  of  linear 
induction  accelerator.  1  -  farrita;  2  -  oil;  3  -  vacuus. 

Page  210. 

They  are  connected  by  naans  of  tba  central  conducting  rod  which 
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teraiaates  ia  the  fifth  resonator  and  holds  the  eeittiag  cathode.  The 
voltage  of  cathode  is,  thus,  tae  sue  of  voltages  of  five  resonators 
is  1.  25  M7. 

This  accelerator  is  assaublad  and  successfully  tested  on  the 
energy  up  to  2  tiev,  and  now  is  used  in  the  experinents  with 
coeprassor.  Until  now,  were  utilized  only  the  cathodes  with  the 
autoelectronic  eaission,  although  the  electron  gun  nakes  it  possible 
to  apply  thermionic  cathodes.  Cathodes  with  the  autoelectronic 
eaission  were  selected  due  to  their  siaplicity  and  up  to  the  present 
tiae  show  satisfactory  results. 

The  aaxiaua  current*  obtained  froa  these  cathodes,  coaprlsed 
aore  than  1000  A  with  the  acceptable  tiae  of  the  service  (aore  then 
2.  10*  iepulses/aoeanta/palsesj .  The  density  of  bean  in  the  phase 
space  is  sufficient  for  SAaoing  of  electron  rings.  Instantaneous 
energy  scatter  is  not  still  accurately  aeasured,  but  it  is  known  that 
it  i3  lass  than  0. 5o/o. 

The  schauatic  of  the  arrangeaent/positioa  of  injector  and 
research  aquipuent  is  shown  in  Fig.  6.  Installation  for  foreation  and 
accelerating  the  electron  rings  is  prepared  for  the  asseably  in  the 
experiaental  hall  at  the  end  of  the  location  for  the  injector. 
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7X.  Prospects  Cor  further  experiments. 

9e  continue  to  optisistically  estisste  the  possibilities  oC 
applying  the  accelerators  of  electron  rings  for  accelerating  the  ions 
both  to  the  averages  and  to  the  high  energies.  Very  encouraging  are 
the  results,  obtained  by  the  group  of  Sarantsev  in  Dubna  [4].  The 
analysis  of  the  technical  and  econonic  aspects  of  this  problee, 
carried  out  in  Berkeley,  also  yielded  positive  results. 

Recently  we  investigated  the  possibility  of  constructing  the 
proton  accelerator  with  the  electron  rings  to  the  energy  of  60-100 
Gov  [5,  6], 


Pig.  5.  The  scheaatic  of  five-resonator  electron  gun.  1  -  discharge 
gap;  2  -  line  of  Blooaleia;  3  -  flooring;  4  -  tha  accelerating 
cavities  with  tha  pulse  supply,  loaded  with  ferrites;  5  -  bees*  scale 
figure  gives  in  tha  asters. 


Kay:  (1).  Be  a  a 
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Pig.  6.  Drawing  of  linear  induction  accelerator  and  location  for  the 
expedients  with  the  electron  rings. 

Key:  (1|.  Injector.  (2).  J  -  ton/grand  tap/crane.  (3).  Bxperiaental 
hall.  (4) .  Research  eqaipaent.  (5) .  scale  in  feet. 

Page  211. 

This  saebine  east  consist  of  conpressor,  320-aeter  accelerating 
section  with  the  resonators  and  160-aeter  section  with  the  aagnetic 
acceleration.  Both  types  of  the  accelerating  sections  ace  shown  in 
Pig.  7. 


■^35 
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First  type  section  consists  of  the  secies/row  of  the  resonators* 
loads!  with  inductance  of  tho  sane  type*  as  in  tho 
in jector- accelerator  (Pig*  9).  The  average/eean  value  of  external 
accelerating  field*  created  by  resonators*  is  5  av/a.  Between  the 
resonators  are  arranged/located  the  superconducting  windings* 
providing  the  solenoidal  leading  field  30  kg.  Although  a  radius  of 
the  electron  rings  of  order  2-3  ca*  a  span  channel  in  the  resonators 
have  a  radius  of  19  ca.  This  is  aada  for  the  purpose  of  the  decrease 
of  elactronagnetic  energy  loss  due  to  the  interaction  between  the 
electrons  and  the  accelerating  structure.  Energy  loss  changes  as  the 
square  of  a  quantity  of  electrons  in  the  ring  and  Units  the  quantity 
of  electrons  which  for  this  aa chine  coa poses  3.  10 13  electrons  to  the 
ring.  This  effect  iapedes  the  use  of  the  focusing  cylinder  which  can 
sharply  increase  energy  loss.  Energy  loss*  furtheraore*  caused  axial 
defocusing  of  electrons  in  the  ring;  however*  latter/last 
investigations  showed  that  this  the  effect  was  saall  and  does  not  set 
substantial  liaitations  on  the  paraeeters  of  accelerator  [7]. 

In  the  version  in  question  electron  ring  creates  the  electric 


field  of  500  aeV/e  and  it  is  loaded  with  0. 5o/o  of  protons.  The  set 
of  energy  by  protons  in  the  resonator  section  coaposes 
approxiaately/nxaaplarily  125  Bev/a*  so  that  total  energy  after  the 
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passage  of  320-aeter  section  reaches  40  GaV.  The  average/aean  rata  of 
acceleration  of  protons  in  this  section  corresponds  only  to  fourth  of 
naxiaua  voltage  of  electric  field  in  the  ring.  This  is  done  for 
decreasing  the  polarizational  effects  vithin  the  ring.  In  the  first 
section  the  electric  ion  rings  holds  only  ionic  focusing.  Therefore 
there  is  a  danger  in  the  instability  of  rings  when  the  centers  of 
positive  and  negative  charges  are  strongly  nixed  relative  to  each 
other.  The  self-consistent  solution  of  this  problea  is  not  yet  found. 


Pig.  7.  Drawings  of  two  type*  of  the  accelerating  sections 
(sizas/diaensions  are  given  in  inches),  a)  resonator  section;  b) 


sactlon  with  tha  aagnetic  acceleration. 


Kay:  (1).  hccalarating  clearance.  (2).  Superconducting  winding.  (3) 
kg.  (4).  fro*  30  to  5  kg. 
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Page  212. 

The  lattar/last  section  of  the  accelerator  with  a  length  of  150 
a  with  the  collapsible/dropped  along  the  axis  aagnatic  field  is  the 
slightly  expanding  toward  the  end  superconducting  solenoid.  Here 
protons  increase  their  energy  approxiaately/exeaplarily  two  tines, 
reaching  30  GeV  toward  the  and  of  the  section.  In  this  section 
effective  accelerating  field  is  equal  to  the  half  aaxiaua  electric 
field  in  the  ring  (but  not  1/4  as  xn  the  first  section) ,  since  here 
ring  is  focused  by  cylinder  and  the  polarization  of  ions  and 
electrons  does  not  threaten  the  coapleteness  of  ring. 

on  the  paraaetars  of  electron  rings  are  superiaposed 
sufficiently  strict  liaxtatxoas.  Besides  the  liaitation,  connected 
with  tha  radiation  losses  during  interaction  exaained  above  of  ring 
with  tha  resonators,  it  is  necessary  to  ensure  the  stability  of  ring 
daring  entire  process  of  its  shaping  and  acceleration.  A  quantity  of 
electrons  in  the  ring  aust  oe  lower  than  the  thresholds  of 
instability  of  the  type  of  negative  aass,  instability  due  to  the 
final  conductivity  of  walls  and  due  to  transverse  incoherent 
space-charge  effect.  AH  these  conditions  strongly  liait  the 
possibilities  of  design,  fhe  interesting  solution  is  proposed  by 


glass* 


ST 


DOC  «  80069216  PAGS  & 

Pellegrini  [3]  the  net  hod  of  compressing  the  ring  lae  to  the  use  of  a 
mechanism  of  synchrotron  radiation.  Unfortunately*  this  the  process 
of  compressing  the  ring  due  to  the  radia tion/eaission  requires  the 
tine  of  the  order  of  several  milliseconds.  Are  possible  other  simpler 
versions  of  compressor.  Below  are  presented  typical  paraaeters  of  one 
of  the  versions. 

Energy  of  the  injection  of  3  He?. 

Radius  of  injection  SO  or  100  ce. 

Pinal  energy  of  12  Be?. 

Terminal  radius  2  or  3  ce. 

Pinal  small  radius  of  the  ring  of  0.1  ce. 

Initial  scatter  along  the  impulses/ momenta/pulses 
0. 4-1 . Oo/o. 

Pinal  scatter  along  the  ispulses/nomenta/pulses  0.7*1.  Oo/o. 

Humber  of  electrons  in  the  ring  (1.5-3)  *10**. 
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Although  above  we  spore  about  the  accelerator  as  30-GeV,  it  is 
nac333ary  to  ranenber  that  in  such  aachines  actual  output  energy 
strongly  depends  on  the  value  of  tae  load  of  electron  ring  by  ions 
and  on  tha  characteristics  of  ring  itself.  Vith  the  sane 
construction/design  of  tha  accelerating  sections  final  energy  can  be 
100  GaV  at  average/eean  intensity  5. 10**  protons  per  second 
(repetition  frequency  100  Hz),  or  60  Ge/  at  intensity  2.10**  protons 
par  second  (thara  is  assuaed,  of  course,  optieue  eode/conditions  is 
each  tine) . 


Tha  givan  by  us  astisata  of  the  cost  of  this  accelerator  to  the 
energy  80  GeV  was  based  on  the  experience  of  laboratory  in  the 
construction  of  the  superconducting  coil  elactroaagnets,  linear 
induction  accelerators  and  elsaents/cells  of  usual  accelerators.  He 
arrived  at  the  conclusion  that  for  obtaining  the  protons  of  high 
energies  the  cost/value  of  the  construction  of  accelerator  with  the 
electron  rings  is  considerably  less  than  usual  synchrotron. 

Tha  acceleration  of  large  ions  with  the  aid  of  the  electron 
rings,  of  course,  is  considerably  sinpler  than  the  acceleration  of 
pcotons.  Heavy-ion  accelerator  can  consist  only  of  coapressor  and 
section  with  the  expanding  aagnetic  field.  It  has  snail 
sizes/iiaansioas,  it  is  coaparatively  sisple  and  in  it  do  not  act 
linitations,  connected  with  the  elec troaagne tic  losses  in  the 
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resonator  accelerating  section. 

Raping  ia  aind  entire  tnat  outlined  above,  it  is  possible  to 
arrive  at  the  conclusion  that  the  idea  of  electronic  circular 
accalarator  is  vary  promising  and  is  expedient  its  intense  farther 
development.  In  the  inplesantation  oC  the  prograas  of  tha  derelopaent 
of  the  accelerator  of  electronic  rings  in  tha  iawranca  radiation 
laboratory  participated  colleagues*  large  group,  including  B.  J. 
Lofgran,  J.  B.  Bee  hen,  fl.  a.  Allison,  D.  George,  A.  Bntlis,  L.  smith, 
A.  0.  Lyuchcho,  K.  Pellegrini,  K.  Bore,  A.  Nakau,  J.  H.  Hauptmann,  B. 
K.  Khartvig,  A.  Paltens,  H.  0.  Lancaster,  D.  B.  Baker,  P.  velker,  B. 
G.  Nenets,  K.  D.  Payk,  U.  U.  .  Salisig,  B.  T.  Eyveri,  Kh.  P.  Hernandez, 
J.  R.  aenegetti. 
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Iss.  AS  ABB  SSB,  Yerevan,  1970,  page  535. 

4.  7.  P.  Sarantsav.  The  transactions  of  the  7th  international 
conference  on  the  charged  particle  accelerators  high-energy.  T.P. 
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Discussion. 

v.  N.  Tsytovich.  which  the  reason  for  the  construction  of  nee 
injector?  Is  connected  this  with  the  need  for  excluding  the 
instabilities  which  were  observed  in  your  first  experiaeats? 

J.  Petarson.  We  now  construct  our  own  injector  in  Berkeley  since  that 
injector,  which  we  wanted  to  utilize,  was  Intended  for  Liverecnre  and 
it  is  very  loaded.  This  is  sain  reason.  Furthereore,  we  want  so  that 
this  accelerator  would  possess  necessary  to  us  special 
featuras/peculisrities,  in  particular,  if  we  speak  about  the  effect 
of  negative  aass,  then  energy  spread  proves  to  be  very  narrow,  and  we 
have  a  series/row  of  ideas  oa  iacrease  of  this  scatter.  One  of  these 
ideas  i3  reduced  to  an  increase  in  the  area  of  filasent  eaission. 

v.  h.  Tsytovich.  Was  observed  difference  in  the  character  of  the 
instability  of  ring  under  conditions  when  it  was  found  close  to  walls 
(at  the  initial  stage) ,  also,  at  the  end  of  the  coepression? 
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j.  Patarson.  All  basic  lose abilities  ware  observed  at  the  initial 
stage  when  a  radius  of  ring  was  large.  Upon  transfer  to  a  snail 
radius  we  did  not  have  instability.  At  this  point  the  ring  could 
exist  sufficiently  for  long,  and  we  held  its  -20  as,  aoreover 
duration  was  liaitei  only  to  a  decrease  in  the  charge  in  the  line. 

v.  N.  Tsy tovioa.  Hoe  did  change  hf  radiation/eaission  of  ring  with  a 
change  in  the  paraaeters  of  the  injected  electrons  and,  in 
particular,  the  energy  spread? 

Page  213. 

j.  Paterson.  0e  observed  a  whole  series  of  eaissioa  frequencies,  in 
particular,  cyclotron  frequency.  Badiat ion /eaissioa  continues  during 
15-20  as.  furtharaore,  were  observed  wavelengths  up  to  3  ca;  in  this 
case,  if  was  increased  energy  spread,  decreased  the  intensity  of 
radiation/eaission  at  these  wavelengths. 

p.  R.  Zenkevich.  How  such  approxinately/exeaplarily  electrons  were 
injected  into  the  chanber/caaera  and  how  ouch  it  did  reaain  after 
coapression? 

J.  Peterson.  In  the  first  expeciaents  we  led  current  to  150  aA  upon 
3-4  reverse  injections,  in  this  case  aaxiaaa  effectiveness  reached 
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1/3.  Accordiag  to  oar  estimations,  toward  the  and  of  the  coaprassion 
tiia  Losses  did  not  exceed  2 Oo/o.  Tnis  in  n  good  experiment,  and  in 
the  poor  -  retained  about  IQo/o. 

I.  H.  Aapchinskiy.  there  are  estimations  of  the  eaittance  of  electron 
beam? 

J.  Peterson.  A3  a  rule,  eaittance  of  the  injected  beaa  was  0.07  ca. 
arad.  However,  the  adaittance  of  the  systea  of  injector  composed 
approxieately/exeaplarily  the  half  this  value.  Therefore  we  coaid  not 
take  entire  beaa. 

A.  A.  Vorobyev.  Cannot  lecturer  give  explanations  about  the  final 
goals  of  prog ran? 

J.  Paterson.  Generally  to  speak  about  this  is  possible  auch.  fa  would 
want  to  construct  in  Berkeley  accelerator  on  80  GeV;  however,  for 
this  we  thus  far  do  not  have  means. 
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65.  Synchronous  radiation/eaission  and  foreation  of  rings  ia  tba 
accelerators  with  electronic  rings. 

K.  Pellegrini 

la  the  accelerators  with  taa  alacfecoa  rings  hopa  to  obtain  high 
rate  tha  accalorations  of  ioaa  In  order  to  hold  ions  within  tha 

ting,  is  reguicad  high  elactric  field  £h»  whose  value  is  daterniaed 
by  tha  relationship/ratio 


for  tha  ring  with  the  cylindrical  section  and  the  even 
distribution  of  electrons  within  this  cylinder  the  field,  which  holds 
ions,  is  proportional 

Ha 

1m  ’ 

whera  Ne  -  guautity  of  electrons,  a,  a  -  ssall  and  large  radii  of 
ring. 


Dialing  rata  of  anergies  by  ions  is  proportional  to  the 
following  expression 

dEi  esex 

■  ■  91  -  > 

dJ 

whera  8 -  tha  applied  field,  which  accelerates  ring;  f  -  ratio  of 
a  quantity  of  ions  to  a  quantity  of  electrons;  Ee>Ei.  *  nnergy  of 


DOC  »  30069216  PAGE 

electrons  and  ions. 

If  ring  is  forned  by  naans  of  the  magnetic  up  to  now,  energy  of 
alactrons  and  radii  of  ring  dap  and  on  thair  values  at  the  aoaant  of 
injection  as  follows: 

>  E-e0B1/a. 

Kara  index  "oM  noted  the  initial  values  of  values,  and  B  ii  a 
relation  of  the  finite  and  initial  values  of  aagnatic  field. 

It  is  clear  that  with  a  decrease  of  radii  of  ring  and  an 
increase  in  the  confining  field  increases  energy  of  electrons  and, 
thus,  is  geared  down  of  the  set  of  energy  by  ions. 

It  is  interesting  to  examine  the  possibility  of  the  use  of  other 
processes  for  the  formation  of  electron  rings  with  other  lavs  of 
value  change  in  the  process  of  coaprassing  the  rings  which  would  aalce 
it  possible  to  iaptova  the  characteristics  of  accelerator.  For 
exaaple,  it  is  possible  to  coapress  ring  in  the  aagnatic  field  so 
that  the  value  of  field  in  the  electron  orbit  and  the  aagnatic  flux 
through  the  section  of  ring  would  change  independently  of  each  other. 
An  exaaple  of  this  class  of  compressors  is  the  static  coapressor  in 
which  with  the  decrease  of  a  radius  of  ring  the  energy  of  electrons 
reaains  constant.  In  this  article  attention  is  given  to  the 
possibility  of  using  the  effect  of  synchrotron  radiation.  In  this 
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case  decrease  the  anergy  of  electrons  and  the  radius  of  ring*  and  the 
field,  which  holds  ions,  and  dialing  rate  by  thee  energies  grow/rise. 

Let  us  axaaine  the  electrons,  which  aove  in  the  aagnetic  field 
with  the  permanent  gradient,  characterized  by  index  of  decay  n.  In 
this  casa  a  change  of  the  large  radius  of  ring  in  the  course  of  tine 
is  dascribed  by  the  expression: 

_1 _ 

JL  2  gec  3n_2l  » 

«o T"  3  (^¥  1'n  Ho  J 

whara  R0,  E0  -  initial  values  of  a  radius  and  energy,  -  classical 
radius  of  alactron,  S  -  speed  of  light,  e,  -  rest  aass  of  electros. 

Page  214. 

Energy  of  electron  changes  according  to  the  law 


and  energy  spread  is  deterained  by  the  expression: 

dE  (6 E\  /J*_V'3" 

T“rr;0  V 

Usually  the  insignificaat  effect  of  guantue  fluctuations  in  this 
casa  is  not  considered.  Synchrotron  radiation  affects  the  aeplitnde 
of  batatron  oscillations  less  than  to  the  energy  spread,  and  a  change 
in  the  aaplitude  of  betatron  oscillations  occurs  in  essence  due  to 
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the  adiabatic  fading: 


n 


Lat  us  nota  that  with  satisfaction  of  condition  n<1/3  ths  energy 
spread  in  tha  coursa  of  tins  decreases,  and  ths  anplituds  of  bstatros 
oscillations  changes  little. 

Thus,  with  the  aid  of  only  ons  synchrotron  radiation  it  is  not 
possible,  apparently ,  to  strongly  decrease  a  snail  radius  of  ring. 

It  is  possible,  however,  to  expect  that  the  coabined  use  of 
different  aethods  of  coapressiag  tna  ring,  for  exaaple,  of  static 
coapressor  and  suppleaentary  coapression  due  to  the  synchrotron 
radiation,  coapletaly  can  give  rise  to  of  rings  with  very  large 
aagnitude  of  confining  field,  on  the  order  of  1  GeV/a. 

Let  us  note  that  the  tine,  necessary  for  a  sufficient  decrease 
of  a  radius  of  ring  caused  by  the  radiation/enission,  can  be 
sufficiently  large,  far  exaaple,  order  of  tens  of  Billiseconds.  la 
this  case  appears  the  problea,  connected  with  the  process  of  the 
ionic  Load  of  ring,  since  for  aalataining  the  guantity  of 
adnixtures/iapurities  in  the  ring  in  the  peraissible  liaits  it  is 
necessary  to  support  in  the  chanber/caaera  vacuun  not  less  than  10~*» 


torr 
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Discussion. 

A.  H.  Lebedev.  Ondec  all  whether  conditions  it  is  possible  to 
disregard  the  affect  of  the  fluctuations  of  radiation/aaission? 

K.  Pellegrini.  so,  this  it  is  possible  to  disregard  not  always,  bat 
to  the  specific  values  of  wave  energy.  However,  in  all  practical 
cases  with  which  we  deal,  guantus  fluctuations  can  be 
disregarded/neglected. 

A.  A.  Vorobyev.  There  are  whether  the  energy  estiaations  of  the 
exaained  in  the  process  wort  of  coapression? 

K.  Pellegrini.  He  carried  out  the  estiaations  which  showed  that  this 
aethod  antes  it  possible  to  obtain  the  high  values  of  confining 
fields,  it  reaoves  different  instaoilities,  nates  it  possible  to 
increase  energy  of  injection,  without  increasing  substantially  final 
energy,  so  that  this  aethod,  in  our  opinion,  it  possesses  the 
doubtless  advantages.  Only  problea  is  the  problea  of  vacuus.  As  far 
as  particle  losses  are  concerned,  then  such  estiaations  we  did  not 
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A.  A.  Koloaenskiy.  He  exaained  tie  influence  of  radiation  effects  on 
the  iynaeics  of  electron  relativistic  rings.  The  general/coeson/total 
concluston/ontput  ace  analogous  to  that  which  were  aade  by  Or.  K. 
Pallagrini;  however,  there  are  dlsagreaeents,  which  can  prove  to  be 
essential  in  practice.  Pirst,  relative  to  the  effect  of  energy 
spread.  Since  the  effective  electronic  field  in  ring  $'"LR(ci+6)J~1 
depends  on  the  disturbance/perturbation  of  instantaneous  radius 
p&-a(l-n)^r,  bat  it  j_3  not  direct  from  AE/B.  then  it  is  necessary  to 
superiapose  the  requireaent  of  coapression  on  Pg  /  which  leads  to 
condition  n<2/3,  and  not  n<l/i  as  in  the  report  to  Dr.  Pellegrini. 

In  the  second  place,  in  the  report  is  utilized  the  law  of  fading 
the  aaplitude  of  radial  oscillations  in  the  fora  a~Rr,/l,  which, 
corresponds  to  usual  adiabatic  fading.  The  influence  of  radiation 
daaping  here  Or.  PeJIe^r'i^i  disregards.  However,  calculation  gives 
for  the  radiation  daaping  result  a~R^  >  precision/ accuracy 

which  coincides  with  the  adiabatic.  Therefore  the  f u 11/tot al/coaplete 
dependence  of  aaplitude  on  a  radius  takes  fora  a~Rn,  but  not 
a~Rn/*,  as  it  is  given  in  the  report. 
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66.  State  of  works  on  tarn  project  of  the  accelerator  of  electron 
rings  Karlsruhe. 

0.  Dustnan,  V.  Khaynts,  G.  Gera  ana,  P.  Kapp,  G.  Kraut,  L.  Shteynbok, 
L.  Tsernial*. 

(Institute  of  experiaental  nuclear  physics  of  the  center  of  nuclear 
research  and  university  of  Karlsruhe,  PPG). 

Device/eguipaent  of  accelerator  into  a  general  state  of  works. 

"£ae  prograa  of  works  on  the  accelerator  of  electron  rings  in 
Karlsruhe  has  as  a  goal  tasting  special  coaponents  and  by  the  aethod, 
devel oped/processed  in  connection  with  the  predicted  in  the  future 
construction  of  heavy-ion  accelerator. 

As  the  electron  gun  is  utilized  the  produced  by  industry 
electron  source  with  the  autoelectronic  enission.  After  it  is 
arranged/located  the  three-aster  line  of  the  transportation  of 
electrons  with  the  guadrupole  lenses,  which  Bakes  it  possible  to 
investigate  the  effects  of  space  charge  and  to  arrange  the  detecting 
devices/eguipaent,  which  is  very  iaportant  froa  the  point  of  view  of 
the  transportation  of  intense  charged  particle  beans. 
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Page  215. 

aing  is  formed  in  the  process  of  three-stage  moderately  rapid 
conprassion.  Tha  moderately  rapid  cycle  of  coepressioa  was  selected 
on  the  basis  of  genera 1/conaon/ total  technical  concept,  placed  as  the 
basis  of  the  project  of  accelerator.  In  conparison  with  the  rapid 
coaprassion  it  possesses  the  advantage  that  it  iaposes  lower 
reqnirenents  on  the  precision/accuracy  of  starting/launching  and 
synchronization  of  eqaipaent.  In  conparison  with  the  slow  coepressioa 
nora  easily  are  fulfilled  the  requirements,  which  concern  vacuun  and 
lifetiae  of  ring.  Pros  the  point  of  view  of  the  stability  of  ring 
very  iaportant  value  have  tolerances  on  field  errors  of  coepressioa 
coils.  This  question  is  ezasined  below  in  sore  detail. 

Bquipaent  for  accelerating  the  ions  is  found  in  the  production, 
dare  is  involved  the  special  source  of  aolecular  beans,  intended  for 
loading  of  rings,  and  constructed  specially  for  the  accelerator  of 
electron  rings,  and  also  the  rapid  systea  of  expansion. 

The  general  view  of  the  installation  is  shown  in  Pig.  1. 


Besides  ths  eentioned  above  worts  are  conducted  also  the 


DOC  »  30069216 


PACK 


de velopaents  of  compression  chaaber/caaera.  Several  versions 
constructions/designs  vita  the  use  of  different  materials  were 
examined  froa  the  point  of  view  of  fulfilling  such  reguireaents  as 
neutral  behavior  in  the  pulse  aagnetic  fields,  guarantee  of  fine 
vacuua,  high  aechanical  strength  and  universality  in  the  sense  of 
experiaental  possibilities,  and  also  cost/value  and  possibility  of 
production  by  industry.  It  was  explained  that  at  the  stage  of 
experiment  to  the  load  of  rings  by  ions  it  is  expedient  to  utilise 
cheap  and  universal  chaaber  design  froa  the  epoxy  ring  with  the 
lateral  covers/caps  froa  the  special  glass.  7acuua  tightness  of 
chaaber/caaera  is  provided  with  the  aid  of  screw  ferrules.  Several 
chaabers  with  a  diaaeter  of  with  50  :a  with  axial  flanges  for  the 
expansion  ducts  and  without  tnea  they  were  tested  with  the  vacuus  to 
10“*  torus,  More  fine  vacuua  can  he  obtained  with  the  rings  froa  the 
stainless  steel.  Special  surface  treataent  and  the  decrease  wall 
thick nass  to  1  an  aada  it  possible  to  lower  the  distortion  of  the 
field  index  on  a  radius  of  injection  to  the  value,  lying  beyond  the 
liaits  of  errors  of  aeasureaent.  The  best  aagnetic  and  vacuua 
properties  expect  to  receive  for  the  one'piece/entire 
construction/design  chambers /earner  as  with  the  expansion  rings  (froa 
oxide  of  alnainua)  ,  which  is  developed/processed  together  with 
industry,  this  inconvenient  and  expensive  chaaber/caaera  it  is 
proposal  to  utilize  not  earlier  than  will  be  coaplated  the 
experiaental  investigations  of  the  stages  of  coapression  and  loading 
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of  rings,  which  esquire  a  change  in  parameters  and  Beans  of 
diagnostics.  Continued  also  tne  wort  above  the  electronic  injector, 
prepared  with  industry.  Injector  gives  current  of  approximately  6000 
A,  the  energy  of  electrons  lying/resting  at  the  range  froi  1  to  2.3 
nev  during  30  ns.  In  the  case  of  such  intense  beans  iaportant  role 
play  the  effects  of  space  cnarge;  they  assuae  that  precisely  these 
effects  near  the  cathode  and  on  the  way  of  acceleration  lead  to  the 
fact  that  useful  beaa  in  coapressor  is  only  several  percentages  of 
the  intensity  of  entire  useful  beaa.  The  investigations  of 
autoelectronic  eai3sion  froa  different  cathodes  and  change  in  the 
potentials  along  the  way  of  acceleration  au3t  lead  to  an  increase  in 
the  intensity  of  useful  beaa.  These  investigations  are  conducted  in 
parallel  with  the  basic  experiaent  on  the  second  installation. 


Fig.  1.  Experimental  accelerator  of  electron  rings  in  Karlsruhe. 
Characteristics  of  the  supply  of  poeer  and  switches:  voltage  30  k?, 
power  3xS0  kVA,  pulse  frequency  1  Hz,  switching  elements  -  spark 
clearances,  char  acta  ri  sties  of  coapressor;  currents  10,  20  and3  0  kA, 
aaxiaua  induction  of  approxiaately  22  kg,  radius  of  injection  23.5 
ca.  Characteristics  -  line  of  the  transportation  of  the  bean:  the 
length  of  3  a,  the  focusing  eleaents/calls  -  6  guadrupole  lenses  and 
2  solenoids.  Characteristics  of  tne  injector:  the  generator  of  Narx 
and  electron  source  with  the  autoelectric  eaission;  energy  of 
electrons  2.2  He7,  current  6  A,  the  effective  length  of 
iapulse/aosentua/pulse  of  approxiaately  5ns. 
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Page  216. 

Optimization  of  field  in  delaholtz's  powerf ul/thicit  coils. 

single-particle  betatron  resonances  are  very  essential  the 
process  of  forsation  of  electron  ring  in  the  coaprassor.  They  are 
caused  by  the  distur  buncos/ perturbations  of  aagnetic  field*  which 
have  different  origin.  One  of  the  possible  reasons  for  these 
disturbances/parturbations  is  the  structure  of  the  very  winding  of 
Halnholtz ' s  high-current  high-voltage  coils.  Due  to  the  high  currents 
is  required  tha  considerable  section  of  conductor;  high  voltage  of 
supply  leads  to  tha  need  for  ensuring  durable  radial  and  axial 
insulation/isolation.  Because  of  this,  and  also  due  to  the  need  for 
juapers  unavoidably  appear  the  disturbances/breahdowns  of  aziauthal 
syaaetry.  Fortunately,  tha  systea  of  Helaholtz's  coils  consists  of 
two  separate  coils.  It  is  possible  to  show  that  in  the  case  of  two 
identical  coils,  arranged/iocated  on  both  sides  free  the  aedian 
plane,  the  error  for  total  aagnetic  field  in  this  plane,  created  by 
bath  coils,  strongly  they  depend  on  the  aziauthal  shift/shear  h  of 
one  coil  relative  to  another  (angle  of  their  rotation  relative  to 
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coaaon  axis)  ,  for  example,  t ha  shift/shear  between  the  positions  of 
points  of  connections.  Thus,  if  the  errors  for  the  field  of  one  coil, 
caused  by  unavoidable  inaccuracies  in  the  production,  prove  to  be  too 
great,  it  is  possible  to  attain  the  considerable  dacrease  of  the 
errors  for  tha  resulting  field  of  two  coils,  rotating  one  of  thee 
relative  to  another  around  the  coaeon  axis. 

is  an  exaaple  it  is  possible  to  indicate  the  results  of  the 
study  of  the  errors  for  tha  total  field  of  the  coils  of  two  different 
constructions/iasigns  in  their  eedian  plane.  Both  systens  of  coils 
have  paraaeters,  indicated  below: 

th.  basic  paraaeters  of  the  coils: 

the  aean  radius  of  tha  coil  ...  360  aa. 

Rediua  axial  distance  between  the  coils  ...  620  aa. 

Oiaaeter  of  the  conductor  (round  cross-section)  ...  10  aa. 

Buaber  of  turns  in  the  coil  ...  6. 


Number  of  layers  in  the  coil 


e  e  • 


2 
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Thick ness  of  ins ulat ion/isolation  between  the  tarns  (axial)  ...  3 

as. 

Thickness  of  the  laainntion  insulation  (radial)  ...  4  as. 

Ths  only  difference  between  tnea  is  the  fora  of  transition 
batween  two  layars  of  turns.  One  of  the  coils,  the  so~called  coll 
"with  ths  sharp  transition",  has  tne  radial  connection  between  the 
layers  (two  layers  on  three  turns).  Ths  construction/design  of  second 
type  coil  ("  with  the  gradual  transition”)  provides  steady  transition 
on  a  radius  between  two  layers,  for  the  elongation/extent  of  one 
'foll/total/coaplete  turn.  Froa  the  design  considerations  the  axial 
distance  of  this  turn  froa  the  adjacent  is  necessary  to  increase  in 
conparison  with  the  usual. 

Curves  in  Pig.  2  and  3  depict  the  errors  for  field  in  the 
functioa  of  azieuthal  angla  9  (value  9»0  is  selected  arbitrarily),  in 
the  figures  are  shown  the  relative  deflections  of  field  hB*/®*  on  the 
circuaf scenes  of  the  arbitrarily  selected  radius  of  22.5  ca  in  aedian 
plane  (index  x  designates  axial  coaponeot) .  Curves  in  Fig.  2  depict 
the  errors  for  the  field  of  separate  coils  of  both  types.  In  Pig.  3 
(on  the  increased  10  tiaes  scale)  are  given  accunulated  errors  for 
the  field  of  the  pair  of  coils  in  the  function  of  aziauthal  angla  A, 
to  which  is  turned  one  coil  relative  to  another,  ice  given  data  only 
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far  the  vicinity  of  optieua  angle  4.  Generally  speaking,  accuealated 
errors  it  is  considerable  (to  ten  tiaes)  aore  than  for  the  optiann 
values  a.  It  i3  evident  that  for  both  constructions/designs  of  coils 
is  a  specific  optiaua  value  4.  la  possible  also  the  analogous 
optieization,  for  exaaple,  of  gradient  errors. 

Load  of  rings  by  ions. 

For  the  correct  work  of  the  accelerator  of  electron  rings  is 
required  coapletely  specific  load  of  rings  by  ions.  Sas  developed 
devire/equipaent  for  loading  of  ring  by  the  pulse  aolecular  bee a. 
selected,  so  that  it  is  possible  to  less  disrupt  the  vacuus  in  the 
coapression  chaaber/caaera. 

The  Installation  diagraa  is  shown  in  Tig.  4. 
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Pig.  2.  Errors  foe  the  field  of  single  soils  «ith  the  "continuous 
transition'*  (solid  line)  and  uith  the  "sharp  transition"  (dotted 


Pig.  3.  Errors  for  total  field  of  pair  of  coils  with  "continuous 
transition"  (solid  lines)  and  uith  "sharp  transition"  (dotted  line) 
in  vicinity  of  optieun  value  of  angle  of  relative  rotation  d. 

Page  217. 
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03  required  so  that  tha  fracfcion/portion  of  load  due  to  the  aolecules 
of  rasilual  gas  la  vacuua  coapression  chaeber  would  aot  exceed  lOo/o 
of  the  full  load.  Hence  it  follows  that  the  partial  pressure  h2  east 
be  less  than  2.10~*  torr;  tae  partial  pressures  of  other  gas,  for 
exaapla  C02  or  H20,  aust  oe  still  lass  than  by  approxiaately  order. 

In  order  to  satisfy  these  raguireaents,  were  developed  two 
constructions/dasigas  of  vacuus  chaabers  in  which  can  be 
achiavad/reached  the  vacuua  above  10~*  torus. 

1)  3ne-piece/entire  chaeber/caeera  froa  oxide  of  aluainua. 

2)  Ring  aade  of  the  stainless  steal  with  the  glass  parts  on 
viton  aultiplexing. 

For  the  avacuation  of  ch saber s/caa eras  are  utilized 
turboaolecular  and  cryogenic  puaps. 

Tha  sourca  of  aolecular  been  is  arranged/xocated  at  a  distance 
of  approxiaately  1  a  froa  aediaa  plane  of  coapressor  in  order  not  to 
distort  aagnetic  field.  The  density  of  the  flow  of  aolecules, 
necessary  for  loading  of  rings,  is  dateceined  by  the  sizss/diaensioas 
of  the  coapressed  ring  and  duration  of  loading  (about  100  ps) .  It 
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mst  be  order  10»*-1017  ci~*  s*‘  (depending  on  the  rate  of  nolecules 
and  their  ionization  cross  section).  The  intensity  of  usual  aolecular 
beaa  of  the  furnaca  several  orders  below.  However,  the  nethod,  which 
uses  a  supersonic  flow  through  nozzle,  lakes  it  possible  to 
coeparati vely  easily  obtain  such  intensities. 

The  gas,  utilized  for  obtaining  the  aolecular  bean,  is  located 
in  the  cylinder  at  a  high  pressure  (for  exaaple  3  ata(abs.)).  iith 
the  aid  of  the  pulse  guick-operatlag  inguetic  valve  this  cylinder 
periodically  is  connected  with  the  vacua  a  to  the  short  tiae  intervals 
(1-2  as)  .  In  the  expanding  section  of  nozzle  occurs  the  adiabatic 
expansion  of  gas.  The  significant  part  of  the  energy  of  thereal 
agitation  con verts/transfacs  into  the  energy  of  the  ordered  notion  of 
eoleculas,  as  a  result  of  which  is  forned/shaped  supersonic  floe.  The 
center  section  of  this  flow  is  discharged  into  fine  vacuun  through 
the  iiaphragi  of  special  fore  (liaitar) .  The  second  diaphraga 
(colliaator)  is  intended  for  aaintaining  the  difference  in  the  static 
pressures  between  the  ultrahigh  vacuun  in  the  conpression 
chanber/caaara  and  vacuun  10 torus  in  the  chanber/canera  between 
the  nozzle  and  the  liniter.  The  chaaber/caaera  of  colliaator  is 
evacuated  by  diffusion  puap  to  vacuun  1 0 “•  torus. 

The  iaportant  effect,  which  facilitates  an  increase  in  the 
intensity  to  the  necessary  level,  is  the  partial  condensation  of 
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ao las  alas  in  tha  process  of  the  adiabatic  expansion  of  gas  in  the 
nozzle.  In  this  case  are  foraed  the  groups  of  the  large  nuaber  of 
aoleculas  (to  1000,  depending  on  tha  gas  pressure  in  the  cylinder). 
For  obtaining  this  affect  soae  gases  (for  exaaple  hydrogen)  it  is 
necessary  to  cool  to  the  tesperature  of  liquid  nitrogen.  The  axial 
velocity  spread  in  the  condensed  oeaa  is  only  several  percentages, 
and  tha  transvarsing  speeds  of  then  also  ara  very  saall.  Therefore 
even  at  large  distances  tha  bean  retains  sharp  profile.  By  a  soeeehat 
different  installation ,  used  in  the  first  eeasureaants,  ware  obtained 
good  profiles  of  baaa  at  a  distance  to  no  ca. 

Tha  third,  ring  stop  foras/shapas  the  circular  bean  whose 
sizes/dleensions  correspond  to  the  sizas/diaensions  of  electron  ring. 
The  results  of  two  eeasureeeats  of  the  profile/airfoil  of  such  beans 
are  givaa  in  Fig.  5. 

For  our  purposas  are  necessary  tha  clusters  with  the  duration  of 
appcoxiaately  100  *is,  the  synchronized  with  the  cycles  conpcessions. 
This  is  accoeplished/reslized  with  the  aid  of  the  rotary  dish, 
located  in  tha  chaaber/casera  of  collieator. 
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Pig.  4.  Source  of  eo locular  00a a. 


Key:  (1).  Rotary  disk.  (2).  Nozzle.  (3).  Liaitar.  (4).  Colliaator. 

(5).  Blaotron  ring.  (6).  To  puap.  (7).  Conclusion/output.  (8).  Palvt. 
(9).  H»3hanical  puip.  (10).  Diffusion  pusp.  ( 1 1) .  Turboaolecular 
pusp.  (12).  Radian  piano  of  compressor.  (13).  torus. 

Page  218. 

Disk  cuts  froa  bundle  the  necessary  clusters  with  the  duration  of  100 
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p. s;  the  reaainiag  part  of  the  aolecules  of  beae  is  evacuated  by 
diffusion  puap.  Dish  aak.es  it  possible  to  also  ensure  the 
synchronization  of  tha  feed  of  clusters.  In  suaaary  the  described 
device/equipaent  sade  it  possible  to  charge  ring  by  tha  coapletely 
specific  fora,  without  disrupting  vacuus  in  the  coapression 
chaaber/caaera.  The  degree  of  loading  can  be  changed  by  the  aethod  of 
changing  the  storage  pressure.  This  aethod  is  suitable  for  all 
gaseous  substances. 

Systaa  of  con elusion /out put  and  acceleration  of  rings,  loaded  with 
ions. 


During  tha  first  stags  of  the  developaent  of  the  accelerator  of 
electron  rings  it  is  proposed  to  utilize  acceleration  by  aagnetic 
field.  K  change  of  the  aagnetic  field  in  the  space  and  the  tiae  anst 
satisfy  the  following  conditions: 

1)  a  sufficient  focusing  in  the  period  of  loading; 

2)  rapid  passage  through  the  resoaances  during  the 
conclusion/ontput; 

3)  the  decrease  of  aagnetic  field  in  accordance  with  the 


properties  of  ring 
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In  order  to  ensure  certain  flexibility  of  construction/design  at 
the  stage  of  experiaents*  is  expedient  to  use  a  systea  of  coils* 
individual  parts  of  which  can  be  rapidly  deaounted  and  replaced. 

In  order  to  obtain  tna  required  fora  of  aagnetic  field  in  the 
first  approxiaation,  the  third  coaprassor  stage  was  changed:  its  one 
half  was  replaced  by  the  long  aa&aive  coil  (solenoid)  with  the 
unifora  coil/winding.  This  coastruction/design  ensured  the  high 
aechanical  strength  of  coil*  since  it  is  located  under  the  action  of 
intense  aagnetic  forces,  in  order  to  satisfy  three  enuaerated  above 
conditions,  into  tha  aassive  coil  placed  suppleaentary  coils  with  the 
saall  currents  (on  which  act  only  saall  aagnetic  forces).  These  coils 
are  accoaplished/realized  the  correction  of  aagnetic  field  in  the 
ragion  of  tha  lataraination  of  ring  in  accordance  with  the  physical 
raquireaents. 

The  construction/design  proposed  is  shown  in  Pig.  6.  The  foraing 
coil*  arranged/located  within  basic  solenoid*  fores  tha  thin  layer* 
which  consists  of  the  separate  sections  with  the  independent  supply, 
which  lakes  it  possible  to  change  the  forn  of  the  collapsible/dropped 
section  of  field  in  accordance  with  the  properties  of  ring.  Nearest 

of  all  to  aeiian  plane  of  coaprassor  is  arranged/located  the  focusing 
coil*  which  aapiifies  the  focusing  action  of  basic  solenoid  at  the 

end  of  the  cycle  of  coapression. 
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Fig.  5.  Prof ila/air foil  of  boas. 


Pig.  6.  Systaa  of  coils  of  accelerator  of  electron  rings.  1  -  coil  of 
first  stage;  2  -  coil  of  the  second  step/stage;  3  -  coil  of  the  third 
step/staga;  4  -  sain  solenoid;  5  -  forning  coil;  6  -  focusing  coil. 
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Fig.  7.  Axial  flail  distribution  foe  successive  aoaents  of  tiaa.  a) 
in  the  beginning  of  the  third  stage  of  compression;  b)  luring  the 
thirl  stage  of  compression;  c)  at  the  and  of  the  third  stage  of 
coaprassion;  1)  before  tha  conciusion/output . 

Kay:  ( 1»  .  kg. 

Page  219. 

Fig.  7  shows  tha  distribution  of  Magnetic  field  in  this  installation 
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far  the  series/row  of  consecutive  tiae  intervals.  The  first 
graph/curve  depicts  aagnetic  field  in  the  beginning  of  the  third 
stags  of  coaprassioa,  the  second  -  during  the  third  stage  of 
compression.  During  this  pariod  the  ring  has  already  been  driven  oat 
froa  the  aedian  plane,  on  the  third  graph/curve  is  shown  the 
distribution  of  uagnetic  field  after  the  tersination  of  the  third 
stage  of  th9  coaprassioa  wnen  is  switched  on  focasing  field.  Daring 
this  period  the  ring  aust  be  charged  by  ions;  siaultaneoasly  the 
field  of  basic  solenoid  is  changed  by  correspondingly  with  the  aid  of 
tha  corrective  coils  and  acguires  the  fora,  shown  on  the  fourth 
graph /carve. 

Pig.  3  gives  dependence  of  1  on  the  tiae  for  different  currents. 
Indices  correspond  to  the  nusbers  of  coils  in  Pig.  6. 
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67.  Resonances  of  connection/coaaunication  of  transverse  vibrations 
of  two  circular  beaas. 

P.  R.  Zenkevich,  0.  G.  Koshkarev.  (Institute  of  theoretical  and 
experimental  physics). 

In  the  systea,  which  consists  of  two  beans  of  different 
particles,  each  of  the  beaas  can  play  with  respect  to  a  different 
role  of  "external  force",  creating  the  acting  on  the  second  bean 
dist j rbances/perturbations  of  aiddle  field,  to  quadratic 
nonlinearity,  etc.  In  the  literature  [Y,  2]  is  exaained  the  dipole 
two-bundle  instability  ("snake"),  which  appears  when  the  oscillations 
of  beans  change  the  acting  on  then  aiddle  fields.  It  is  obvious  that 
besides  dipole  ones,  in  the  two-bundle  systeas  they  are  possible  and 
the  resonances  of  higher  order,  which  correspond  to  the  oscillations 
of  the  gradient  of  quadratic  nonlinearity,  cubic  nonlinearity,  etc. 

0a  conducted  theoretical  studies  of  resonances.  The  procedure  of 
this  study  will  be  in  detail  described  in  the  work  which  at  present 
is  prepared  for  print.  In  this  report  are  briefly  described  the  used 
aodals  and  is  given  the  suaaary  of  the  obtained  results.  Furtheraore, 
are  exaainad  tha  limitations,  which  superiapose  two-bundle 


a 
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instabilities  on  the  paraaeters  of  the  accelerators  of  electron-ion 
rings. 

Poc  the  investigation  of  resonances  are  used  two  aodels:  1)  the 
eodel  of  bandies  with  the  density,  the  constant  over  the  section;  2) 
the  eodel  of  "strip/tape"  bundles  with  the  pernanent  density  in  the 
phase  space;  for  calculating  tne  electric  fields  in  this  aodel  was 
utilized  the  one-diaensional  equation  of  Poisson. 

3ith  the  aid  of  the  first  aodel  were  obtained  and  investigated 
dispersion  aquations  for  the  resonances  of  the  first  and  second 
orders.  For  studying  the  siaultaneous  resonances  of  arbitrary  order 
is  used  the  aodel  of  "  strip/ tape**  bundle  and  the  apparatus  of  kinetic 
equation.  The  coaparison  of  the  results,  obtained  with  the  aid  of 
both  aethods,  showed  that  the  error  for  "strip/ tape"  aodel  is  not  too 
great. 

Basic  obtained  results; 

1.  General  condition  of  the  two- bundle  resonance 

maa«|,i+n<ls  k'  (,) 

where  a,  n,  k  -  integers,  and  Qa  -  "betatron"  frequencies  of  the 
first  and  second  beans. 
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2.  In  coaxial  beans  appear  oaly  "even-even"  and  "odd-odd" 
resonances  (■  and  n  respectively,  both  even  and  both  odd). 

3.  In  prasaaca  of  polarization  can  appear  "even-odd"  resonances; 
estiaations  show  that  their  increments  several  tines  less. 

4.  Incraaent  and  width  of  dipole  resonance  for  electron-ion  ring 
(  $„  and  S«„  '  are  dstarained  by  foraulas: 

Sa>„=2S„.  t2) 

is  increaent  in  units  of  betatron  frequency.  Hare  Qt  -  "betatron 
frequency"  of  electron  notion  m  the  field  of  ions  with  the  absence 
of  external  focusing;  o'-a’+i*!  -  oetntron  frequency  of  axtarnal 

focusing;  Qu  -  betatron  frequency  of  oscillations  of  ions. 

5.  Hesults,  obtained  for  quadrupole  resonances,  are  given  in 
Table  1. 

Page  220. 

Foe  standard  alectroa-ioa  rings  G»um9i|u.  Therefore 

usually  is  swought  the  "single-/Boao-diaensional-didiaensional" 
resonance  (size/diaension  of  electron  ring  is  swought  according  to 
one  degree  of  freedoa.  the  size/diaension  of  ion  -  in  tarns  of  two 
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degrees  of  freedom)  . 

6.  Proa  table  for  guadrupole  resonances  it  is  evident  that 
iacreaeut  of  "crossed"  resonance  t2Qvu*2Qtl-k>  is  three  tiaes  less  than 
incraaent  of  one-diaensional  resonance. 

7.  Results,  obtained  for  increaents  of  "one-diaensional" 
resonances  of  arbitrary  order  with  the  aid  of  strip/tape  aodel,  are 
given  in  Table  2. 

8.  Basic  conclusion/oatput  froa  table:  a)  increaents  rapidly 
fall  in  proportion  to  reaoval/distance  froa  principal  diagonal  (a»o) 
b)  incraaants  of  resonances,  arranged/located  on  principal  diagonal, 
fall  as  a"*;  c)  width  of  resonance  bands  for  these  resonances  falls 
as  n“*. 


9.  Landau  daaping  stabilizes  all  instabilities  with  nuaber  a, 
for  which 


n  > 


8* 


I’/* 


<AQu)<AQ,> 


(3) 


so  when  8(l«  o,fs,  <hQu> 0,os  all  instabilities  with  n>2. 7  are 
stabilized  by  Landau  daaping. 


Let  us  ezaaine  the  imitations  which  superiapose  two-bundle 
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instabilities  an  the  paraaeters  of  the  accelerator  of  alectron-ioa 
rings. 


Let  as  essaae  that  Landau  daaping  suppressed  all  resonances, 
except  dipole  and  guadrupole. . It  is  obvious  that  for  the  stability  it 
is  necessary  to  select  operating  point  out  of  the  resonance  bands.  It 
is  possible  to  show  that  when  ®  o.is  the  correctly  following 
relationship/rat io: 

*  V5*,0Vw)V-^)>  (4) 

where  s  -  accelerating  field  in  aev/n;  Nu  -  nuaber  of  ions;  a/B 
-ratio  of  a  saall  radius  of  ring  to  the  large.  Let  us  note  that  with 
change  peraissible  value  EMu  varies  in  proportion  to  (&l(/o.i6)*. 

Proa  foraula  (4)  it  is  evident  that  value  ENU  aora  strongly  is 
Halted  by  that  degree  of  freedoa,  on  which  is  weaker  external 
focusing.  In  tha  real  electron-ion  ring  tha  focusing  in  the  axial 
direction  is  vary  saall  (  iz  9  0,05).  m  the  figure  in  plane 
is  depicted  the  curve,  which  corresponds  8,,  *o.  15  and  \*0.05.  To  the 
canters  of  three  stability  regions  correspond  points  with  the 
following  values  of  the  frsguencies: 


1) 

Q 

lu 

=o,m 

^19 

-0,16  . 

=0,  is ; 

2) 

a 

XU 

“0.7, 

=0,07, 

di 

=0,043; 

3) 

a 

XU 

“1.3, 

-0,055, 

*1 

=0,032. 
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^abla  1.  Suaeary  of  resalts  snout  the  resonances  of  the  2nd  order. 
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0,S 


0,375 


0,39 


0,39 


0,125 


Kay:  (1).  Type  of  resonance.  (2).  Condition  of  realization.  (3). 
Increeent.  (4).  Width.  (5).  Syeestrical  teo-diaensional.  (6). 
Simultaneous,  free  oscillations.  (7). 

Siagle-Zeono-dinansional-didiaeosional.  (8).  Asymmetric 
two-dimensional.  (91  .  Two-dimensional,  free  oscillations. 


Table  2.  Tl.eaor\a^c.e.  o-f  aebifddA^  oAdefl., 
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At  presort had /assigned  values  and  a  the  pair  of  the  values 

of  betatron  frequancies  completely  dataraines  tha  basic  paraaatars  of 
electron~ion  ring;  nu  B,  and  a.  xaa  results  of  calculating  thus a 
paraaatecs  at  r*50,  R*5  ca  and  N»  *10* *  are  given  in  Table  3. 

Tha  Intensity  of  ions,  led  in  tha  table,  can  be  soaewhat 
iaprovad  with  incraase  8„ ,  but  only  by  the  value  of  tha  considerable 
stiffening  of  allowances. 

Proa  tha  table  it  is  evident  that  with  the  weak  external 
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focusing  it  is  lifficult  to  obtain  ths  accelerator  of  electron-ion 
rings,  the  exceeding  proton  synchrotron  siaultannously  both  in  the 
intensity  of  the  accelerated  oean  and  on  an  energy  gain  per  the  unit 
of  length. 

In  conclusion  let  us  note  that  the  creation  of  the  strong 
external  focusing  of  electron  ring  according  to  both  degrees  of 
freed  on  would  sake  it  possible  to  substantially  iaprove  the  intensity 
of  the  accelerated  bean  in  the  accelerator  of  the  electron-ion  rings. 

REFERENCES 

1.  G.  I.  Budkar.  Atonic  energy,  1956,  5,  9. 
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Di scussion. 

N.  S.  Dikanskiy.  shy  decreaent  of  dipola  instability  does  not  depend 
on  a  nuaber  of  particles?  indeed  it  is  proportional  to  root  froa  the 
frequencies. 

P.  R.  Zenkevich.  Root  of  frequencies  ~(nun,)  ,  since  each  of  the 
frequencies In  the  presence  of  external  focusing  the  incresent 


T>a cf*. 


soaewhafc  Calls.  But  on  z  ona  snould  consider  that  there  is  no 
external  focusing. 

A.  n.  Lebedev.  Is  it  possible  to  draw  froe  your  report  the  conclusion 
that  the  large  part  of  the  region  of  paraaaters,  selected  now  for  the 
creation  of  ring,  i3  in  actuality  prohibited? 


P.  a.  Zenkevich,  zithin  the  fraaework  of  this  theory  (1  aaphasize 
that  here  there  is  an  an  even  sore  disputable/nore  debatable  question 


about  the  effect  of  radiation/eeission)  was  actually /really  obtained 


the 
200 
the 
i .  e 
not 


conclusion/output  that  obtaining  field 
flsv/n  is  virtually  impossible.  Estimate 


strengths 
s  of  the 


existing  accelerators  show  that  they  lie  in  the 
,  their  frequencies  obviously  do  not  exceed  0.1. 


say  that  this  contradicts  the  theory. 


greater  than 
frequency  for 
first  region. 
Thus,  we  can- 


Kay:  (1).  point.  (2).  Be7/a. 
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63.  Progress  in  the  creation  or  the  accelerative  section  of  ring 
accelerator. 

S.  3.  Anishchenko,  H.  I.  Salalykin,  7.  A.  Yasil'yev,  Yu.  S. 
Darendyaev,  A.  3.  Zaldovich,  3.  K.  Zaldovich,  Yu.  V.  Muratov,  H.  B. 

Hu  bin,  A.  A.  sabayev,  7.  ?.  Sarait sav,  Yu.  I.  Sairnov,  7.  G. 
Shabratov,  Yu.  A.  Shishov. 

(Joint  Institute  for  M  uclear  Basearch) . 

As  the  probable  prototype  of  the  accelerating  systan  of 
collective  linear  ion  accelerator  in  Dubna  is  developed/processed  the 
cryogenic  high-frequency  accelerative  section  of  ring  accelerator 

m. 


Section  (Pig.  1}  consists  of  four  superconducting  (SP) 
accelerating  cavities,  SP  of  the  solenoids,  which  create  the 
controlling  longitudinal  aagnetic  field,  and  separate  cryogenic 
systens  for  cooling  of  resonators  and  solenoids.  The  working  length 
of  section  is  1.6  a.  Section  aust  sake  it  possible  to  sisulats  the 
case  when  aiddle  accelerating  field  for  the  ions  -2  aV/cs,  and  it  is 
calculated  on  heat  losses  J0-J5  M/a.  The  power  of  hf  generators  -6 
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k'4/>  oust  be  supplied  with  different  porosity  (depending  on  the 
operating  nodes)  up  to  continuous  mode/conditions. 

In  the  past  after  Yerevan  conference  year  scientific  research 
works  in  connection  with  the  creation  of  the  accelerating  section 
conducted  on  five  to  main  trends: 

a)  continued  the  investigations  of  SHP-resistors  of  second-order 
superconductors  for  the  purpose  of  selecting  of  the 
aieguata/approaching  coating  aaterial  of  the  internal  surfaces  of 
resonators.  In  this  case  xn  accordance  with  the  actual  conditions  in 
the  ring  accelerator  the  measureaeats  of  SHF  iapedances  were 
conducted  in  the  presence  of  the  external  magnetic  field,  directed 
both  in  parallel  and  it  is  perpendicular  to  the  surface  being 
investigated,  magnetic  field  strength  exceeded  the  value  of  the  first 
critical  field; 

b)  was  davaloped/processed  installation  for  the  application  of 
SP  coatings  on  the  resonators  under  maximally  " pure/clean "  conditions 
and  vara  accoaplished/realized  the  test  depositions  of  SP  filns  on 
aodel  installation; 

c)  were  studied  the  methods  of  designing  of  the  aagnetic  field 


of  the  required  configuration  with  the  aid  of  of  SP  windings 
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Page  222. 

Are  prepared  and  tasted  aodal  solenoid  and  test  corrective  coils; 

d)  vara  developed/processed  the  parts  of  the  systaa  of 
tharaostatic  control; 

e)  continued  theoretical  and  calculated  worlcs  on  the  finding  of 
current  distribution  in  tna  windings  for  the  creation  of  the 
prescribed/assigned  aagnetic  field. 

1.  Study  of  HP  iapedances  of  superconducting  surfaces.  For  the 
investigations  was  used  the  procedure,  presented  in  [1,  2]. 
Experiments  were  conducted  ia  the  range  500  a  Hz  on  the  coaxial 
half-wave  resonators,  aade  froa  alloys  of  the  type  niobiua-zirconiua 
and  niobiua  -  titaniua,  with  low  levels  of  Hi  fields. 

7ha  superconducting  resonator  it  is  accepted  to  characterize  by 
coefficient  of  increase  in  quality  P,  by  the  equal  to  the  relation  of 
quality  of  SP  resonator  Qc  and  the  quality  of  analogous  copper 
resonator  at  a  rooa  temperature  F-dc/UM. 
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'41 3  investigated  group  of  SP  materials  with  different  ■echanical 
and  thermal  methods  of  the  surface  treatment.  For  some 
samples/specimens  of  the  factors  of  quality  ?  three  times  less  in  the 
cross  field  to  10  koa  in  the  comparison  with  the  case  of  zero-field. 
The  great  incidenca/dr op  in  coefficient  ?  was  obtained  by  the  equal 
to  5.  extrapolation  of  the  obtained  values  for  the  transverse 
floor/sax  B=2  r  with  T=1.<J°K  gives  P=600-10Q0.  For  the  coaparison  it 
snould  oa  notad  that  the  factor  of  quality  in  the  external 
longitudinal  field  3=2  T  and  T=1.3°K  was  obtained  equal  to  2000. 

Subsequently  it  is  proposed  to  conduct  the  measurements  of  the 
ffiT  impedance  of  superconductors  in  the  high-frequency  fields  of 
average/aean  power. 

£..  Application  of  superconducting  coatings,  in  the  process  of 
perfecting  the  method  of  ootaining  SP  coatings,  described  in  [ 1  ],  was 
developed  the  ionic  method,  which  wakes  it  possible  conduct  process 
at  a  pressure  of  the  residual  gases  P*1-5. 10“*  torus,  which 
con  'ibutes  to  obtaining  the  fiias  more  pure  in  the  chemical 
composition.  The  rate  of  formation  of  film  in  this  case  is  different, 
depending  on  the  kind  of  material,  and  it  is  considerably  higher  in 
comparison  with  other  metaods.  Thus,  for  instance,  for  ifB  the  rate  of 
formation  of  film  is  two  orders  higher  than  during  the  thermal 
evaporation.  For  the  purpose  of  the  adjustment  of  the 
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aodas/condition3  of  obtaining  of  S?  coatings  and  dabugging  of  tbs 
tharaally  loaded  nodes /units  of  electron-bean  gun  was  conductsd  tbs 
daposition  of  SP  on  different  saaplas/speciaens  aads  froa  coppsr: 
ribbon  180x4x1.1  aar  plata  180x50x1.5  an,  tbs  tabs  with  a  diaaotor  of 
3  an,  with  length  of  300  aa  (external  surface  was  sprayed),  tabes 
with  a  diaaetar  of  30  aa,  with  laagth  of  200  aa  (was  spray-coated 
internal  surface)  and  other  saaplas/3peciaens  of  aora  intricate 
sbapa.  It  is  necessary  to  note  that  tha  obtained  coatings  do  not 
raqairs  tha  subsequent  aechanxcal  traataent  to  the  sarfaca  finish. 

The  latter  depends  only  on  the  class  of  the  purity/finish  of  baching 
and  corresponds  to  it. 

The  chach  of  the  thickness  of  fila  was  perforaed  by  quartz 
rasonator.  Fundaaantal  crystal  frequency  f=500  kHz,  tha  frequency 
coefficient  M=1690. 

For  the  static  investigations  of  tne  superconducting  properties  of 
the  olott ad/applied  niobiun  were  utilized  copper  saaple/speciaea 
180x4x0.1  aa,  thickness  of  the  fils  of  niobiua  -5  ms-  According  to 
the  takan  volt-aapera  characteristic  of  the  saaple/specinen  there  was 
datarainad  critical  current  I,,*  Wa.  which  in  the  recalculation  gives 
current  density  —1.7x10*  A/ca*.  this  corresponds  to  the  critical 
field  of  niobiua. 
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3.  Superconducting  solenoids.  The  leading  aagnetic  field  20  kOe 
is  created  by  the  solenoid  of  rectangular  cross  section,  fhe  required 
uaiforaity  of  field  0.  15o/o  in  the  ion  guide  is  provided  due  to  the 
selection  of  currents  in  96  corrective  coils.  Are  studied  two 
versions  of  the  windings  of  solenoid:  fros  completely  stabilized 
strip/fila  (see  the  Table)#  froa  tae  internally  stabilized  conductor. 

Xn  the  first  case  is  provided  for  the  short-tera  heating  of 
windings  for  the  release  froa  those  induced  during  the  creation  of 
the  field  of  eddy  currents#  as  is  dona  in  the  solenoid  of 
chambar/caaera  7E7S  [3].  In  the  second  case  is  expected  the  rapid 
fading  of  tha  induced  currents  due  to  the  joining  of  filaaents  with 
the  step/pitch  approximately  30  aa. 
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rig.  1.  Cryogenic  high-frequency  accelerative  section  of  ring  center. 
1  -  vacuus  envelope;  2  -nitric  screen  (78°K) ;  3  -  superconducting 
solenoid  of  longitudinal  aagnatic  field;  4  -  superconducting 
corrective  coils;  5-  resonator;  6  -  heliun  cryostat;  7  -  perforated 
focusing  ducts;  8  -  steel  fulcrue  oalls. 

Page  223. 

For  the  final  adjusteent  of  construction/design  and  technology 
of  the  production  of  solenoid,  and  also  testing  of  the 
devices/equipeent  of  guarantee  by  liquid  heliun,  power  delivery  and 
evacuation  of  stored  energy  is  prepared  and  tested  superconducting 
nagnatic  systae  with  the  solenoid  with  a  bore  of  3$  cn  [4].  in  this 
solenoid  is  achieved/reached  the  intensity/strength  of  field  25  kOe 
with  the  current  in  the  conpletely  stabilized  strip/fila  1.8  kA. 
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To  the  corrective  coli3  is  presented  the  series/cow  of  the 
stringent  reguireaeats:  1)  laxuai  currant  density  in  the  winding 
-2.  1 0 ♦  A/ca*;  2)  independent  feed  of  all  coils;  3)  a  precise 
raproductioa  of  the  strength  of  field  with  one  and  the  sane  current. 

There  are  tested  the  coils  of  tha  niobiua-zirconiua  wire  a 
0.25  as  (in  tha  brass  conning).  However,  their  critical  currents  were 
obtained  low  and  had  large  scatter.  Therefore  it  is  decided  to  pass 
on  the  coil  froa  the  cable  with  the  internal  stabilization  (see 
tablas)  . 

For  the  supply  of  coils  and  solenoid  are  created  seaiconductor 
sources  on  noainal  currents  100  and  5000  A. 

The  aaergancy  evacuation  of  stored  energy  it  is  proposed  to 
produce  to  the  arc-suppression  lattice  of  the  autoaatic  field  daaper. 
In  this  case  the  process  continues  with  constant  stress  on  the 
ends/leads  of  solenoid;  therefore  the  tiae  of  evacuation  is  five 
tiaes  Lass  than  with  the  use  of  constant  active  discharge  resistor 
(without  taking  into  account  actively  connected  with  winding  of  the 
solenoid  of  contours/outlines) .  The  guarantee  of  a  rapid 
conclusion/output  of  energy  is  especially  iaportant  in  the  case  of 
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applying  the  conductors  vita  tne  internal  stabilization,  that  possess 
by  aa  order  high  current  densities,  thin  coepletely  stabilized. 

4.  Syst9i  of  theraostatic  control,  with  the  systaa  of 
therxostatic  control  of  section  are  connected  liguefier  by 
productivity  about  90  1  of  liquid  heliun  in  the  hour  and  two 
containers,  established/installed  above  the  section. 

The  schsaatic  diagram  of  installation  is  shown  in  Pig.  2.  Helium 
is  coaprassed  by  compressor  K  up  to  a  pressure  of  by  p,  =  30  atm  (tech), 
it  passes  through  counterflow  heat  exchangers  of  £-17,  bath  of  liquid 
nitrogen,  stabilizing  liquid  helium  bath  Ct  and  three  Tt*5°K  enter 
into  the  expanded  ejector  B. 

After  ejector  heliua  falls  into  container  C*  with  temperature 
Tj®4.  5®K.  Liquid  helium  from  container  C2  of  one's  own  accord/by 
gravity  enters  the  lower  points  of  the  cryostats  of  section,  gaseous 
is  -particle  into  return  flow  of  liquifier,  partially  -  for  cooling 
of  the  electric  leads  of  solenoid  and  coils.  Furthermore,  occurs 
throttling/choking  liquid  from  container  C*  into  container  C»,  which 
has  r,»1.8®K.  Here  also  occurs  the  gravity  circulation  of  superfluid 
heliua  through  the  resonators;  vaporized  heliua  is  exhausted  by 
ejector.  Bath  ct  serves  for  the  maintenance  of  permanent  temperature 
before  the  ejector. 
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Diagram  with  the  ejector  makes  it  possible  to  forego  the 
extremely  balky  pueps  for  the  evacuation  of  helium  and  reduces  the 
sizes/dimensions  of  heat  exchangers. 

5.  Calculations  of  currencs  of  corrective  coils.  For  maintaining 
the  radial  size/dimansion  of  ring  in  the  accelerating  systea  is 
utilized  longitudinal  magnetic  field  --2  T.  The  condition  of 
accelerating  of  rings  andec  the  action  of  constant  force  requires  the 
creation  of  special  periodic  modulation  of  this  fiald. 


Currant  distribution,  which  create  the  required  magnetic  field 
was  calculated  on  the  computers  with  the  use  of  minimization  of 
functional  [5] 


48j, 


where  &•„  -  required  function  of  parameters  1^  at  points 

'lt .  .  function  at  fixed/recorded  parameters  ij  at  points 

"  unknown  currents  in  96  corrective  coils;  iBi.  -  accuracy  of 
maintaining  of  magnetic  field  at  points 
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<he  basic 
coils. 


paraaeters  of  sup ercon duct ing  solenoid  and  corrective 
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Kay:  (1).  Solenoid.  (2).  Coil.  (3).  Magnetic  intensity.  (») .  Bore  on 
winding.  (5).  Outer  diameter.  (6).  Length.  (7).  operating  current. 
(8).  Current  density  in  winding.  (9).A/ce.  (10).  stored  energy. 

(11).  MJ.  (12).  J.  (13).  Sectxon  of  lead/duct.  '14).  Inductance. 

(15).  H. 
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Pig.  2.  Schaaatic  diagraa  of  caeraostatic  control  of  section  of  ring 
accelerator. 

Kay:  (1).  Resonator. 

Page  224. 
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69.  Theoretical  and  experimental  stadias  on  the  craation  of  intense 
waves  in  the  electron  beams. 

G.  G.  Aseyev,  A.  P.  Klyucharev,  a.  5.  Kuznetsov,  H.  S.  Bepmlov,  B.  a. 
Safronov,  H.  A.  Khizhnyak. 

(Phy3iotechnical  institute  of  AS  OkSSB,  Kharkov). 

The  study  of  the  behavior  of  the  beans  of  charged  particles  and 
plasaa  in  space- periodic  fields  is  of  interest  in  many  respects.  In 
particular,  the  passage  of  the  electron  beam  through  the  longitudinal 
electrostatic  field  can  be  accoepanied  by  instability  on  the 
longitudinal  waves,  if  is  satisfied  the  condition  [1]  von/i>kfon,  where 
k  -  integer;  von  -  rate  of  beam;  L  -  three-diaensional/space  period 
of  electric  field;  *on  -  Langmuir  frequency  of  the  bene.  In  the  case 
when  k*1,  east  occur  the  rapid  increase  of  the  strength  of  the  field 
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between  the  clusters  of  electrons,  which  in  the  principle  can  be  used 
for  the  particle  acceleration.  The  consequence  of  resonance  at 
aultipla  frequencies  (k>1)  is  thm  aaplif ication  of  the  initial  level 
of  the  longitudinal  oscillations  of  bean. 

In  the  case  of  the  passage  of  the  charged/loaded  particles 
through  the  plasea,  placed  into  the  spatial-periodic  electric  field, 
there  can  appear  specific  affects,  The  presence  along  the  axis/axle 
of  this  systea  of  the  periodic  sequence  of  points  with  the  extreaa  of 
potential  can  lead  to  the  capture  of  plasea  near  these  points.  Bith 
the  passage  of  the  beaa  tarough  this  plasea  there  is  possible,  in 
particular,  the  resonance  on  the  seized  particles  which  is  realized 
with  the  coincidence  of  the  frequencies  of  wave  and  natural  of  the 
saized  particlas.  In  this  case  is  feasible  the  heating  of  any  of  the 
coeponents  of  plasna. 

The  purpose  of  this  work  is  experimental  detection  and 
investigation  of  the  conditions  of  the  instability  of  the  electron 
baae,  passing  through  the  external  electrostatic  field,  rhe  latter 
was  created  by  plate  systea,  shown  scheaatically  in  Fig.  1.  The 
period  of  systea  was  selected  equal  to  3.1  ca,  nuaber  of  periods  is 
equal  to  10.  the  calculations  conducted  and  the  experiaents  showed 
that  the  potential  between  the  centers  of  openings/aperturea  in  the 
plates  is  approxiaately  0.3  0q,  where  Uq  -  voltage,  supplied  to  the 
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plates.  Stationary  electron  bean  passed  through  opening/aperture  to 
plates  and  It  fell  to  the  collector/receptacle.  The  leading 
longitudinal  Magnetic  field  were  approximately  800  e.  In  the 
experiaents  were  aeasured  the  relative  level  of  hf-radiation/eiissioa 
of  baaa  and  its  freguancy  spectrum  at  the  output  from  the  electric 
field. 


fig.  2  gives  the  dependences  oscillation  level  on  current  lk,  of 
accelerating  voltage  of  beam  un  and  voltage  between  plates.  They  all 
have  resonance  character. 

The  initial  level  of  HP  radiation/e  mission  under  conditions  for 
our  experiments  was  created  by  bean  itself.  As  it  proved  to  be,  in 
the  absence  of  plates  at  the  specific  values  of  current  and  rate  of 
bean  in  it  is  excited  certain  oscillation  spectrun,  located  in  50-200 
and  3000-4000  nHz  regions.  In  this  series  of  preliainary  axperinsnts 
we  did  not  study  an  inportant  question  about  the  nature  of  these 
oscillations.  For  purposes  of  this  wort  essential  is  only  the 
presence  of  certain  initial  level  of  the  oscillations  of  bias. 

In  Pig.  3  by  crosses  and  saall  circles  are  plotted  the 
experimental  values  of  currant  and  accelerating  voltages  of  bean, 
which  correspond  to  aaxiaua  of  tbs  anplitude  of  the  oscillations  of 
beaa  in  the  absence  of  the  plates  of  electric  field.  Cherayys  point 
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ia  this  figura  cocraspond  to  tae  aaxiaun  of  the  amplitude  of 
oscillations  depending  on  rate  and  density  of  beaa  and  voltage  oa  the 
platas.  In  this  case  the  level  of  the  oscillations  by  aoce  than  two 
orders  of  aagnitude  exceeds  the  initial  level  of  the  oscillations  of 
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0  20  «?  cm 

Pig.  1.  Installation  diagraa.  1  -  cathode;  2  -  anode;  3  -  plates, 
which  craate  alactric  field;  n  -  vacuun  chaaber;  5  -  probes;  6  - 
collactor/receptacla  of  bundle.  Below  -  the  distribution  of  aagnetic 
field  along  the  axis/axle  of  system. 


Page  225. 

Unbroken  curves  correspond  to  computed  values  of  current  and  rate  of 
bean  which  were  obtained  froe  the  resonance  condition.  Bxperieental 
points  agree  sufficiently  well  with  the  calculation  for  case  of  k»2. 

The  resonance  dependence  of  the  aeplitude  of  oscillations  on  tht 
value  of  the  electric  field  (see  Pig.  2b),  apparently,  it  can  be 
explained  by  change  in  the  average  speed  of  the  bean  between  the 
plates  and  by  subsequent  disruption/separation  of  resonance.  If  we 
rate/astinate  this  change  froa  Pig.  2b,  then  it  will  be  in  couplets 


i 


id 


AD-A089  303  FOREIGN  TECHNOLOGY  DIV  WRI6HT-PATTERS0N  AFB  OH  F/G  20/7 

TRANSACTIONS  OF  THE  ALL-UNION  CONFERENCE  (2ND)  ON  CHARGED  PARTI— ETC(U) 
JUL  80  A  L  HINTS*  A  A  KOMAR ►  A  A  VASIL* YEV 
UNCLASSIFIED  FTD-ID(RS> T-0692-80  NL 


MfPROCOPY  Rl  SOLDI  ION  It  SI  CHAR! 

NAlli'NAl  HllK!  All  «»  slANl'AKl>s  |‘>«.  <A 


DOC  *  80069217 


PAGS  -44-- 

9 So 

agraasaat  with  the  half-width  of  rasonanca  ia  the  rata  of  baaa  la 
Pig.  2c. 

The  scatter  of  poiats  ia  Pig.  3  charactacizas  the 
reproducibility  of  results,  psacisioa/accuracy  of  tha  aeasureseat  of 
the  paraseters,  and  also  degree  of  tha  coaforsity  of  one-iiaensional 
theoretical  aodel  to  tha  actual  conditions  for  ezperisant*  Por  tha 
purpose  of  an  iaproveaent  in  reproducibility  of  results  before  tha 
aeasureaeats  was  carried  out  prolonged  conditioning  of  systea  by  tha 
bean  of  naxiaua  power.  This  Bade  it  possible  to  also  avoid  tha 
aasking  of  .studied  resonance  ay  tae  breakdown-preceding  and  breakdown 
phanoaena  and  connected  reaove/take  by  different  forns  of 
clustec-plasaa  instabilities  £2]. 

In  the  case  of  insufficiently  fine  vacuus  in  the  region  of 
electric  field  with  the  passage  of  bean  can  be  excited  the 
oscillations  with  the  frequency  of  0.7- 1.0  hhz  which  virtually 
depends  on  aagnetic  field,  it  increases  with  an  increase  in  the  bean 
currant  and  decreases  wita  increase  of  the  anas  of  residual  gas. 

The  aaplitude  of  these  oscillations  increases  with  an  increase 
in  the  electrical  field  between  the  plates  (see  Pig.  4).  Oader  these 
conditions  tha  anplification  of  HI  oscillations  of  bean  is  difficult 
to  judge,  since  occurs  scattering  of  hf  oscillations  at  the  low 
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frequency.  It  was  discovered,  that  with  external  HF  aodulatioa  of 
bean  at  the  entrance  into  tae  alactric  Eiald  the  signal  fcoa  tha 
probe  at  tha  oat  pot  fron  it  has  tna  fix ed/re cor dad  frequency,  which 
coincides  with  tha  frequency  of  aodalator  in  tha  case  of  tha  absence 
of  electric  field.  During  toe  opposition  of  this  field  are  excited 
th9  L.P.  of  oscillation,  and  the  aonochroeatic  signal  of  aodulator 
"will  be  dispersed"  into  tne  spectrua,  individual  lines  of  which  are 
shifted  to  frequency  of  Uf  oscillations.  This  phenoaenon 
substantially  ia pedes  the  study  of  tha  aaplification  of  h£ 
oscillations  of  beaa  under  our  experiaental  conditions.  Bore 
effective  froe  this  point  of  view  can  be  pulsed  node. 

Tha  expedients  conducted  aaae  it  possible  to  nake  tha  following 
conclusions: 

1.  spatial-periodic  alactric  field  under  conditions,  close  to 
tha  resonance  ones,  leads  to  aaplification  of  tha  initial  level  of  hf 
oscillations  of  beaa. 


i 
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Pig.  2.  Dependanca  af  the  aaplitude  of  hf  radiation/esission  oa  the 
p&raaeters  of  baaa  and  vai.ua  of  electric  field  a)  U*  *3007,  0o*3007 
b)  Vln  *3007,  0tt*40  ai;  C)  0Q*300  V,  **k  *40  ni. 


Kay:  (1).  ai.  (2).  7. 

JK,ma 


Pig.  3.  Experimental  points  and  theoretical  dependences  of  bene 
current  on  accelerating  voltage  under  resonance  conditions. 
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1*3  -  correspond  to  resonance  on  the  first,  second  and  third 
haraonics  of  Langauir  frequency  of  bean.  Lower  carve  for  the  second 
haraonic  is  calculated  for  the  cathode  whose  area  to  20o/o  is  lower 
than  geoaetric  area  of  the  cathode,  used  in  the  ezperiaeat.  Beaaining 
eurvas  ire  calculated  with  the  use  of  a  geoaetric  area  of  cathode* 


Kay:  (1).  .  (2).  7. 


Fig.  4.  Dependence  of  aeplitude  L.P.  of  oscillations  on  value  of 
electric  field  1  -  ten  periods;  2  -  three  periods,  conditions 
*6007,  I"  *180  aA. 

Kay:  (1).lia.  unit.  (2).  V. 
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2.  Dependence  of  aaplituda  of  oscillations  on  current, 
accelerating  voltages  of  oeaa,  and  on  value  of  alastric  fiald  has 
rasonanca  charactac. 

3.  Experiaantal  values  of  caccaat  and  accalacating  voltages  of 
baaa,  which  correspond  to  aaxxnua  oscillation  level  in  presence  of 
electric  field,  coapletely  satisfactorily  will  agraa  with  calculation 
for  cass  of  k*2. 

4.  in  tha  cpne  of  insufficiently  fine  vacuus  in  plasea  are 
excited  L.F.  of  oscillations,  whicn  aask  affect  of  aaplif ication  of 
hf  oscillations. 

REFERENCES 

1.  N.  S.  Repilov,  N.  1.  Khixknyak.  ZhTF,  1966,  36,  219. 
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Di scussion. 

V.  N.  Tsytovich.  Ra3  reacaad  nonlinaar  a od a/conditions  at  aodulatlon 
of  baaa? 
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N.  S.  Bspalov.  Be  did  check,  emerge  we  against  the  aoaliaear 
aods/coaditions.  Thaoretically  it  is  obtained,  which  for  the  oat pet 
to  the  nonlinear  node/ conditions  is  sufficient  10  periods.  Therefore 
ware  carried  out  the  following  experiments.  Be  changed  a  nunber  of 
plates,  to  which  was  supplied  the  voltage  (others  grounded) .  Was 
renoved/taken  the  curve  ox  tne  dependence  of  the  amplitude  of 
&f~signal  on  effective  length  of  acceleration.  It  turned  out  that  we 
easrga  to  the  node/conditions  when  anplitude  is  saturated.  This,  of 
course,  does  not  naan  that  aode/coaditions  are  nonlinear, 
nonlLnearity  could  be  3udged  by  the  fact  that  the  wave  which  in  this 
case  was  obtained,  it  carried  Bieaann  character,  since  we  already 
have  the  haraonics,  which  were  placed  well  in  the  Bienana  of  wave. 
Thus  on  the  only  the  basis/base  1  can  say  that  we  seeningly  would 
eaerge  to  the  nonlinear  aode/coaditions. 

v.  N.  Tsitovich.  Was  investigated  the  stability  of  bright  to  the 
clusters  bean? 

N.  S.  Bapalov.  Bo,  it  was  investigated  neither  experinentally  nor 
theoretically. 


k.  L.  Koloaenskiy.  Bhat  prospects  for  your  aethod  for  coherent 
acceleration  of  ions? 
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N.  S.  Repalov.  If  we  utilize  tie  very  powerf ul/thick  beae  which  is 
already  now  (100  kA  on  100  kv  of  voltage)  and  if  it  is  possible  to 
aodulata  it,  then  we  will  attain  50-100  kV/a.  At  high  energies  us,  of 
course,  expect  the  difficulties.  The  fact  is  that  with  the  iacrease 
of  intansity  appears  the  plasaa,  which  fills  trap,  which  are  obtained 
along  the  axis/axle  in  the  presence  of  periodic  potential,  and 
interaction  of  bean  with  this  plasaa  can  bring  to  various  kinds  to 
instabilities.  Therefore  we  intend  to  operate  in  pulses,  until  plasaa 
i3  foraed,  and,  thus,  to  reaove  this  effect.  The  f oraation/education 
of  dense  plasaa  leads  to  the  fact  that  in  proportion  to  notion  to  the 
paraaetric  resonance  about  which  I  spoke,  nust  be  oscillation  buildup 
of  the  defined  level.  This  occurs  not  always,  when  appears  plasaa, 
first  occurs  the  aaplificatioa  of  oscillations,  and  than 
aonochroaatic  spectrua  begins  to  be  dispersed,  are  foraed  three-wave 
interactions  at  this  frequency,  and  the  aaplificatioa  of  oscillations 
is  broken  away. 


**96  U 
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70.  lo  a  question  about  the  acceleration  of  ions  by  electron  ring  in 
Pm  c*y  s 

the  collapsible/drapped  magnetic  field. 


I.  h.  Ivanov,  B.  A.  Perel'shteyn,  V.  P.  S&r&ntsev. 


(Joint  lastituta  for  nuclear  fia search). 


in  the  collective  linear  ion  accelerators  as  the  accelerating 
cluster  is  utilized  electron  ring.  During  the  conclusion/outpnt  fron 
the  adhesive  the  ring  is  accelerated  in  the  collapsible/dropped 
■agnatic  field.  In  the  accelerator,  calculated  for  the  acceleration 
of  protons  to  the  superhigh  energies,  the  stage  of  acceleration  in 
the  aagnetic  fiald  is  preliainary.  As  show  calculations,  upon  the 
acceleration  in  tha  collapsible/dropped  field  of  the  electron  ring, 
loaded  with  large  ions,  the  latter  can  acguire  energy  to  10 
HaV/nucleon  and  this  is  sufficient  for  physical  experiments. 


Ca  this  work  is  exanined  the  problea  of  confineaent  of  ions  in 
potential  well  of  the  electronic  rings  upon  its  acceleration  in  the 
collapsible/dropped  aagnetic  field.  In  this  case  are  accepted  the 
following  assumptions: 


► 
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-  electron  ring  considers  toroid  the  round  cross  section;  the 
ritio  of  a  saa.ll  radius  a  to  the  large  radius  8  of  toroid  satisfies 
inequality  a/8<<1; 


-  total  aa3S  of  all  ions  considerably  less  than  the  total  aass 
of  electrons; 


-  polarization  of  the  accelerated  ion-electrical  ring  is 
considered  saall,  and  the  fora  ox  electronic  cluster  reaains 
const ant/in variable  upon  the  acceleration; 

-  by  effect  of  the  field  of  ionic  coaponent  to  the  electronic 
cluster  is  disregarded; 

-  prior  to  the  beginning  of  acceleration  ions  in  the  electronic 
cord  are  aonoenergetic  and  nave  an  energy  B0,  and  the  function  of  the 
distribution  of  ions  tares  the  fora 

where  ti0  -  nuaber  of  ions  in  the  ring  before  the  acceleration;  B  - 
energy  of  ion;  -  certain  function  froa  the  coordinate  of  the  ion 

(3ee  below) . 
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-  the  gradient  of  magnetic  field  in  the  laboratory  system  is 
constant,  tha  rate  of  ring  in  the  direction  of  acceleration  is 
considered  nonralati viatic. 


Tha  basic  paraaeters  of  the  problas  following: 


the  frequency  Q  of  ion  in  potential  wall  of  the  electronic  cord 


z 

n  - 


2'»*mc*Z 
Ma4A  * 


N, 
2ft  R 


(2) 


where  Ne  -  nuaber  of  electrons  in  tha  cord;  H,  a  lasses  of  the  rest 
of  ion  and  electron;  e  Z,  A  -  charge  of  ion  and  its  atonic  weight 
respectively; 


the  value  of  acceleration  in  tha  laboratory  coordinate  systee: 


efl  R  dH»  . 
7  la  ’ 


r- «-/>*)’*, 


waera  $  -  ratio  of  the  velocity  of  the  rotation  of  electrons  in 
external  nagnatic  field  to  the  speed  of  light;  h4  *d*  “ 

tine  of  acceleration  t  which  is  possible  to  connect  with  a  length  of 
accelerating  circuit  of  L-w.tV** 


Tha  accepted  by  us  approximations/approaches  sake  it  possible  to 


DOC  *  80069217 


1 


PAGE  -SO-’ 

e)/s> 


raplac*  the  fiald,  which  acts  on  tne  ion  fro*  the  side  of  electron 
ring,  with  the  field  of  tne  straight/direct  electronic  cord  of  round 
cross-section ,  to  introduce  coordinates  z  and  z  -  the  divergence  of 
ion  froa  the  canter  of  cord,  and  in  the  systee,  connected  with  the 
accelerating  cord,  to  write  the  eguations  of  notion  of  ion  in  the 
fora: 

Mii«  Mv(t)+e6.  ,  a(0)-»  aCOJ-i*, 

*  (4) 

M*-e£a,  x(0)-xB,  x(0)-xo. 


In  foraula  (9)  S2  and  &x  -  the  coaponants  of  the  elactric  field  of 
card  (t--gtade).  an 2  acceleration  ur  is  the  function  of  tiae,  which 
sates  it  possible  to  consider  the  aoaent/torgue  of  the  beginning  of 
the  acceleration  of  cord.  He  will  place 


CO 

rae 


ur- urtf(t) , 

x»0, 
x<  0. 


Kay:  (1).  where. 


(5) 


This  fora  of  tiae  dapendence  V{t)  siaplifias  calculation  and  is  not 
fundaaental  for  the  final  results.  Let  ns  find  first  constant  of 
aotion  of  systaa  (4)  : 


a*.** 


■VjJ 


n  « 

a1-*2*!2;  ?“2,7l*..-T  E0m ~y~ 


Lat  us  izaaina  potential  energy  of  ion  0  in  the  field  of  cord.  Froa 
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equations  (6)  it  follows 

U - vr0 a  +£? $ (a-i)-aln  - f>ti-a)] .  ( ?) 


Function  0  has  extrema  ia  plane  x=0:  when  |*mtnl<a  at  point 
function  (I  is  niniaua 


U  . 

mu  2 ’ 


-it 

and  when  |^maxl>a  at  point  the  aaxiaua  of  function  0 


■  aVennVt"'’ 

w 

0 


Figure  gives  foci  0  in  plane  x*0  for  different  z.  Fro®  the  figure  one 
can  sea  that  when  w,<a2ae''  the  acceleration  does  not  affect  the  notion 
of  ion,  pit  for  the  ion  reaains. 


i  » 


;  -i 
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Vi»  en  tfal"’  <  ur0  <  a2  a  value  Uma*  becoaes  less  thaa  the  wave  energy  of 


the  ion 


_ ^a%  jjl 

\  A  /// 
\ !  \  l!  I 


V// 


Potential  enacgy  U«j,d  for  different  accelerations 

I  -w.-Oi  2-Wo-  ftVe*\  a-saT^Wo 
<  5iJa;  4-S<Laa 

E0»  hut  when  ur0>  a*a  pit  does  not  exist.  By  proceeding  froe  the 
picture  of  the  strain  of  potential  pit*  it  is  possible  to  write  the 
conditions  with  executing  of  wnich  the  ion  reeains  in  the  electronic 
cord.  Ve  will  consider  that  function  ^(*0)  describes  these  conditions. 
Sinca  E0  for  t>0  is  function  z„  [equation  (6)  ],  then  solve  systen  (4) 
lat  us  find  <•[*<*>•  * <*>! : 

a0-ico»Qt-g  sini2t-|V0-cosflt).  ( io> 
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It  i.3  now  assy  to  find  a  auaber  of  ions  at  the  aoaent  of  tiae  t  fcoa 
the  foraula 


-  ( 1  -  C0«  a-t) 

rflWV) 


*di 


£a 

2 


(H) 


ur„z 


stoat*  ■ 


Page  228. 


Lat  us  azaaina  two  acceleration  sodas : 


1.  ur0^naa,  Qt>2jt.  Proa  figure  ic  is  clear  that  for  this  tiae  in 
cord  will  reaain  ions  withE0<umax.  proa  (6)  and  (9)  let  us  find  that 
this  condition  is  satisfied  for  the  ions  with  origin  coordinate 

S?a  p  a*n/V2 

-a<z„<a  — tn— —  t  «av. 


(12) 


Pros  (12)  is  deterained  fora 

YU0)»  «(i0*a)tf(av- *o)  •  <l3) 

Producing  intagration  in  (11),  taking  into  account  (13)  we  will 
obtain 

n/n0«i/2*v  \Ji-  v2  ♦  •^■aicalnv.  (14) 


Tabla  gives  nuaecical  calculations  according  to  foranla  (14) 
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a2  a 
«■  - 

Q5Q 

T+'i'ft-f+k  vutin^ 

1,01 

-1,000 

0,000 

1.10 

-0,9952 

0,00020 

t.oo 

-0,9589 

0,004Ui 

1,50 

-0,8918 

0,02220 

1.70 

-0,7079 

0,05082 

I.-.jO 

-0,0805 

0, 10305 

2.W 

-0,5410 

0,17272 

2,30 

-0,3843 

0,20150 

2  .50 

-0,2003 

0,30775 

71 

-0,0083 

0,49474 

0,17 

0,00142 

0,37 

0,73000 

0,57 

0,84213 

0,77 

0,93613 

1,00 

1,0000 

Lat  us  note  only  that|v|*i.  Proa  condition  v*1  is  located  the 
ainiaua  accalantisa ,  upon  which,  according  to  (13),  all  ions  are 
held  in  the  cord. 

IT.  w#»a*a,  at <25i.  Me  Mill  consider  that  in  this  aode/conditions 
raaain  all  ions  whose  coordinate  at  any  aoaent  of  tine  a<a.  Hence 
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N/N0-6<i*u)|^  +  u^l-u2-t-jj  aacsinuj, 
cosat) . 

Kay:  ( 1)  .  and . 

la  the  table  are  contained  the  results  of  calculations  jjM^O  also  foe 
this  acceleration  node.  Uu  it  is  positive  for  ur>a2a  when  and 

for  Qt>«  when  u/j^a^a .  Formulas  (14)  and  (15)  together  with  the  table 
give  response /answer  to  stated  problae  within  the  liaits  of  the  aodel 
accepted. 

In  conclusion  it  is  possible  to  note  the  following:  the 
assunption  about  the  energy  homogeneity  of  ions  in  the  beginning  of 
acceleration  can  be  considered  unessential.  It  is  possible  to 
generalize  results,  after  introducing  into  the  function  of 
distribution  (1)  dependence  S«(Ba)  and  to  integrate  final  results  on 
Eol 


during  th.  short  tis.s  of  acc.i«cstioa  it  is  possible  to  ctrrp  oat 
ur0>nza,  at  a  cost  of  the  losses  of  certain  quantity  of  ions; 

it  is  possible  to  carry  out  acceleration  node  of  two  stages:  the 
first  w0<aaa  and  nt»2*,  by  the  second  -  uro>  n*a,  and  at<*i.  In  thin  case 
by  N0  in  foraula  (15)  should  be  understood  N  froe  foreuln  (14). 
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71.  Numerical  investigation  of  the  radiation  instability  of  ths 
charged/loaded  relativistic  rings  in  tha  nonlinear  aode/conditions. 

A.  G.  Sonch-Dsaolovslciy,  fa.  P.  Zhidkov,  7.  G.  Hakhon*kov,  V.  V. 
Tsytovich,  7.  G.  Shchinov. 

(Joint  institute  of  nuclear  research) . 

In  connactioo  with  the  development  of  the  collective  eethod  of 
acceleration  [1]  high  value  will  shave  stability  problan  of  the 
ralativistic  char gad/loaded  rings*  Latter/last  investigations  [2,  3] 
showed  that  one  of  the  sost  dangerous  instabilities  of  snch  rings  is 
the  radiation  instability.  For  the  ring  in  the  free  space  (which 
usually  occurs  under  conditions  for  ezpariaent)  this  instability 
carries  hydrodynanic  character  and  it  is  characterized  by  the 
incranent; 

»/j-i  fT 

In3"  wVr  ’ 

where  n  -  number  of  the  azinuthal  harmonic  of  disturbance: 
wsc/R,  *  -  "linear  electron";  r  -  relativistic  factor  of 
particlas;  B  -  radius  of  ring. 
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aith  the  sufficiently  large  energy  scatter  the  instability  has  a 
threshold,  connected  with  Landau  daaping,  deterained  by  foraula 
hu>Nps:  wri^^T,  where  &<oKp  -  tne  threshold  value  of  the  scatter  of 
frequencies  of  revolution. 


Under  the  assuaption  J/J1*),  a/R«l,  n*#/a  it  is  possible  to  obtain 
[3]  nonlinear  aquations  for  the  evolution  of  the 
disturbances/perturbations 


waere  «|>n(ur,t)  *  hacaonic  of  the  distribution  function;  w  -  noaent  of 
aonentua  of  particles. 


dw_^  Cjj—  u) 
dur  ~  w  ’ 


O.S2;>ce2 

c 


The  analytical  investigation  (see  £3]),  carried  out  in  liaiting  cases 
far  and  near  froa  the  thxesnold,  nates  it  possible  to  qualitatively 
rate/estiaate  aaxiaua  energy  of  fluctuations  and  indicates  the 
possibility  of  the  establishsent  of  nonlinear  steady  state. 


By  the  purpose  of  this  work  are  the  nuaerical  investigation  of 
the  evolution  of  initial  disturbances,  the  described  systes  of 
equations  (1),  and  the  searches  of  nonlinear  steady  state. 
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2.  Nuaacically  was  sol  wad  systea  of  22nd  aquations  (1),  i. a., 
nmax"10,  with  the  following  initial  data: 


^o(0.ur)' 


N  (  rt.  * 

exp  (-o.s 


I2sz  ur0 


(2) 


where  tyn(0,-ur)-  l  ^an'ur-  ’  ur°  "  Junta  a  1  scatter;  hn  -  low  auaerical 
coeff icients,  waich  characterize  amplitude  distribution  of  initial 
disturbances  according  to  n. 


Expressions  (2)  can  be  obtained  froa  aquations  ( 1)  disregarding 
by  nonlinear  terns,  if  is  fulfilled  dispersive  relationship/ratio. 
The  selection  of  such  initial  conditions  provides  initial  evolution 
in  accordance  with  the  linear  theory,  with  arbitrary  initial  data 
functions  vy„  in  the  process  of  count  take  the  fora  (2)  after  sone 
tiae. 


As  is  known,  the  selection  of  3table  difference  diagraa  for  the 
equations,  which  contain  derivatives  in  teras  of  two 
variable/altarnating ,  is  far  not  trivial  task.  In  our  case  the 
solution  of  aquations  (1)  was  carried  out  by  the  aethod  of 
pc  edict  ion/foracast  and  correction  £4],  as  a  result  the  utilised 
iaplicit  flow  chart  of  nuaecical  calculation  proved  to  be  stable 
during  the  appropriate  selection  of  the  step/pitch  of  integration  for 
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tha  tiaa.  Tha  program,  written  in  the  Language  CEBU  -  POBTBAH,  wee 
realized  on  BESH-6  of  J.I.  M.  B. 


3.  At  ficst  was  investigated  linear  stage  of  ievelopaeat  of 
instability.  Macs  selected  the  following  parameters,  which  are  of 
practical  interest  for  the  collective  aethod  of  tha  acceleration: 

a -sew,  n-io13,  \f^-i/is,  An»io'Vio‘5; 


a)  for  tha  hydrodynamic  Unit 

<ur>  _  rnyPc 


ur0  w0  *®0,  » 


b|  near  the  threshold 


iH>-«24-5. 

VJn 


Pig.  1  depicts  the  graphs/carves  of  the  amplitudes  of  fields 
dapending  on  time  for  n* 1  and  10  for  case  of  a),  it  is  evident  that 
the  ourvas  have  oscillating  character  and  are 

approxieately/exemplarily  described  by  relationship/ratio  encosftnt* 
increases  with  increase  of  n.  Numerical  values  rn»°'n'  will  well 
agree  with  tha  data  of  linear  theory  [2].  Is  most  interesting  case  b) 
near  froa  the  threshold  where  the  development  of  instability 
significantly  affects  Landau  damping.  The  corresponding  results  are 
raprasanted  in  Pig.  2.  Depending  on  the  selection  of  the  value  of 
initial  scatter  the  curves  have  different  character.  Thus,  when 


i 
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<— ^  -  r,  all  haraonics  build  up,  but  also  by  tie  increment, 

wq 

considerably  saallec  than  the  hydrodynaaic,  Moreover  increment 
decraasas  with  the  auaber  oi  haraonic.  Whan  <'-$r  3  long-wave 

haraonics  build  up,  and  short-wave  attenuate* 
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Aaplitadas 


of  fields  q*  1  and  to  in  the 


linear  conditions  when 


Fig.  2.  Aaplitudas  of  fields  for  a= 1  and  10  in  linear  conditions  when 

3 

wo 


Page  230. 

Finally,  whan  2  all  haraoaics  attenuate,  which  also  will  agree 

wall  with  the  conclusi on/output  of  linear  theory. 

4.  Let  as  switch  over  to  research  of  dynaaics  of  developeeat  of 
radiation  instability  taking  into  account  nonlinear  terns.  Since  the 
incraaents  are  great  when  *  >o.  it  is  of  interest  to  investigate 
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precisely  this  case.  Initial  conditions  ware  salected  in  the  Core  (2) 
(Pig.  3) ,  so  that  the  aa ju.bu a  energy  of  disturbance/perturbation  was 
concentrated  in  tha  aid die  part  of  spectrua  (n-5) .  In  the  process  of 
count  standardization  was  retained  with  an  accuracy  to  lo/o. 

Pig.  4  depicts  the  graphs/curves  of  the  evolution  of  electric 
fields  1,  5,  8  and  10  haraonics  at  the  nonlinear  stage,  froa  which  it 
is  evilant  that  occurs  sharp  of  shift  of  phases  and  t cans for nation  of 
vibrational  energy  k V  the  region  snail  n.  Total  vibrational  energy 
.  n/IAjr  at  the  nonlinear  stage  undergoes  a  serias  of  oscillations 

with  tha  consacutiva  stabilization  and  the  destabilization,  reaching 
the  pernanent  average/aean  level  to  two  orders  saaller  than  the 
naziaun,  evaluated  theoretically  £3].  Pig.  5  and  6  depict  the 
evolution  of  tha  averaged  of  the  orbit  function  of  distribution  tp0 
and  haraonics  gn . 

Proa  Pig.  5  it  is  evident  that  tha  nonlinear  processes  lead  to 
blurring  with  the  snail  decrease  of  the  nediun  energy  of 
electrons,  so  that  effective  scatter  stops  the  order  of  threshold 
valua. 
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Fig.  4.  Graph s/curras  of  tha  evolution  of  alectric  fields  and  total 
energy  of  disturbance/perturbation  la  the  tine. 


Kay:  (1).  Enargy  of  field. 
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72.  Soaa  questions  of  the  design  of  linear  coherent  heavy- particle 
accelerator  to  low  energies. 

0.  A.  Bal'lner,  V.  A.  Vorontsov,  s.  A.  Pukshin,  0.  n.  Popov. 

(noscow  physical  engineering  institute)  . 

Tais  wort  is  the  continuation  of  the  investigations,  initiated 
in  worts  [1-2]  on  the  creation  of  universal  coherent  ion  accelerator 
is  based  on  the  use  of  a  static  sagnetic  field  for  shaping  of 
electron  ring,  capture  of  ions  and  for  after-acceleration  of  ring, 
loaded  with  ions,  in  the  collapsible/dropped  nagnetic  field.  The 
installation  consists  of  solenoid  with  the  prescribed/assigned  fora 
of  the  distribution  of  the  longitudinal  coaponent  of  aagaetic  field 
along  the  axis,  linear  accelerator  of  electrons  and  ionic  source. 
According  to  the  character  of  a  change  in  the  longitudinal  coaponent 
of  aagnatic  field  solenoid  it  is  possible  to  divide  into  three  parts. 
In  the  first  part  the  field  rapidly  increases,  oa  secoad  section  the 
aagnatic  fiald  is  virtually  constant,  in  the  third  part  tha  value  of 
the  longitudinal  coaponent  of  aagnetic  field  decreases  with  tha 
distance.  Electrons  of  tha  linaar  accelarator  ara  injectad  iato  the 
solenoid  at  angle  to  the  axis/axle  of  aagnetic  fiald  in  the  fora  of 
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snort  cluster  by  tha  duration  o f  lass  than  nanosecond.  on  tha  sactioa 
of  tha  increasing  aagnetic  field  it  occurs  tha  decrease  of  tha 
longitudinal  velocity  of  clusters*  in  consequence  of  which  decreases 
the  size/diaension  of  cluster  lengthwise.  Near  tha  starting  point* 
which  corresponds  to  aaxxaua  aagnetic  intensity*  is  foraed  the 
siailarity  of  the  electron  ring  with  a  snail  cross  section  and  the 
radius*  equal  to  a  radius  of  the  tubular  ion  bean  which  is  introduced 
into  the  solenoid  parallel  to  its  azis/azle.  The  longitudinal 
valocity  of  ring  in  the  region  of  starting  point  close  to  the  rate  of 
ions*  here  occurs  the  capture  of  ions  into  the  electron  ring.  The 
loaded  by  ions  ring  is  accelerated  in  the  section  of  tha 
collapsibls/dropped  aagnetic  field  due  to  the  conversion  of  the  part 
of  the  energy  of  rotational  electron  notion  into  the  energy  of  axial 
notion.  3n  this  principle  xs  projected/designed  tha  aodel  of 
accelerator  for  testing  tne  idea  of  the  acceleration  of  ions  proposed 
by  collective  aethod. 

Tha  length  of  3oleaoxd  is  selected  equal  to  1  a  with  the  anxious 
value  of  the  longitudinal  cosponeat  of  aagnetic  field  8*  1.17  T. 
As  the  injector  of  alectrons  is  xntended  to  use  the  linear 
accelerator  of  electrons  with  M*1Q  Rev  and  iu*n  «15A.  cluster 
contains  10**  electrons*  durations  of  pulse  1.10“*  s.  Repetition 
frequency  of  elactronic  rings  100  SHz.  The  disaster  of  cluster  is 
lass  than  1  ca.  Tha  pulse  current  of  protons  fros  the  ionic  source  in 
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the  Coca  of  tabulae  bundle  ait h  the  aean  radius  of  3  ca  is  equal  to 
0.  5  i  with  ths  energy  of  protons  50  keV. 


1  basic  question  with  the  aethod  of  the  foraation  of  electron 
rinq  proposed  is  the  effect  of  the  paraaeters  of  cluster  and  fora  of 
aagnetic  field  to  the  possibility  of  foraation  of  electron  rinq  and 
to  the  capture  of  protons.  Calculations  showed  that  the  deviation  of 
the  rate  of  ring  at  starting  point  froa  the  proton  velocity  aust  not 
exceed  lOo/o  with  the  realization  of  capture  in  a  described  below 
aanner.  The  analysis  of  tae  single** particle  aodel  of  the  foraation  of 
ring  in  the  static  aagnetic  field  showed  the  possibility  of 
for nation/education  at  the  starting  point  of  the  electron  ring  with  a 
radius  of  3  ca.  The  section  of  ring  has  ellipsoidal  fora  with  the 
longitudinal  size/diaension  la,  equal  to  1  as  and  with  transverse 
siza/diaansion  2c,  equal  to  1  ca.  In  this  case  is  necessary  obtaining 
energy  spread  ar/jr  it  is  less  than  1o/o  and  angular  divergence  it 
is  less  than  3.10***  rad.  The  effect  of  energy  scatter  with  different 
average/aean  gradients  of  aagnetic  field  to  the  longitudinal  velocity 
of  ring  at  starting  point  is  shown  in  Pig.  1.  The  selection  of  the 
fora  of  aagnetic  field  and  the  length  of  the  section  of  the 
increasing  aagnetic  field  also  affect  shaping  and  longitudinal 
velocity  of  ring  at  starting  point.  Investigation  of  ths  foraation  of 
ring  with  different  average/aean  gradients  of  aagnetic  field  thus  far 
showed  the  expediency  of  the  selection  of  the  average/aean  gradient 
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of  tn 3  aagnetic  field  of  50  G/cb.  The  length  of  the  section  of 
shaping  of  ring  tc  and  the  angle  of  injection  9  between  the 
direction  of  the  injected  electrons  and  the  axis/axle  of  aagnetic 
field  are  selected  taking  into  account  the  possibility  of  obtaining 
the  longitudinal  size/disension  or  ring  2a,  equal  to  1  an.  The  value 
of  the  section  of  shaping  of  ring  is  equal  to  10  cav  the  angle  of 
injection  is  equal  to  70a.  The  tiae  of  the  foraatiou  of  ring  is  (3-5) 
•10"®  s.  It  should  be  noted  that  a  question  about  the  foraatloe  of 
electron  ring  in  the  static  aagnetic  field  was  exaained  by  other 
authors  [ 3,  4  ]. 

At  the  end  of  the  section  of  shaping  during  braking  of  electron 
ring  in  the  aagnetic  field  occurs  the  capture  of  protons.  The 
possibility  of  capture  is  caused  by  the  presence  of  the  inertial 
forces  in  systeas  of  the  rings  whose  action  during  the  specific 
selection  of  the  rate  of  oraking  leads  to  the  fact  that  total  energy 
of  proton  in  the  systea  of  ring  becoaes  negative,  in  paraaeters 
exaained  above  of  electron  ring  proves  to  be  possible  the  capture  of 
protons  froa  the  region  in  che  fora  of  torus  by  section  0.4-0. 6  an* 
by  the  radius,  equal  to  a  radius  of  electron  ring.  Bith  the  section 
of  the  tubular  proton  bundle  18-20  ca*  and  current  0.5-1  and  a 
quantity  of  seized  protons  is  equal  (to  6-8) *10®.  The  length  of  the 
section  of  capture  is  0.7- 1.2  ca.  Tha  acquisition  tiae  is  equal  (2-4) 
•10"®  to  s.  The  inertia  principle  of  capture  inposes  heavy  deannds  on 
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tha  cats  of  riag  at  the  starting  point  whose  divergence  froe  the 
proton  velocity  east  not  exceed  lOo/o.  This  lisitntion  can  be  rednced 
by  the  grouping  of  proton  bean  at  starting  point,  which 
simultaneously  leads  to  an  increase  in  the  quantity  of  seized 
protons. 

Proa  the  starting  point  tne  loaded  with  protons  electron  ring 
accelerates  in  the  collapsible/dropped  aagnetic  field.  Upon  the 
acceleration  of  ring  its  longitudinal  size/diaension  increases  due  to 
space-charge  effect,  kineaacic  divergence,  scatter  in  the 
longitudinal  velocities,  das  evaluated  the  divergence  of  ring  under 
the  action  of  Coulomb  forces  without  talcing  into  account  tha  effect 
of  ionic  component.  The  longitudinal  size/diaension  of  ring  increases 
20-30  times  for  ties  (70-100) « 10**  s.  However,  during  capture  of  the 
nscassary  number  of  ions  space-charge  effect  of  electrons  on  the 
longitudinal  divargsnce  can  be  considerably  reduced. 


i 

I 
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Pig.  1.  Sraph/diagraa  of  tae  dependence  of  the  rate  of  ting  at 
starting  point  Pa*  an  the  scatter  of  baas  on  energy  &r /r  at  the  point 
of  injection  with  different  gradients  of  aagnetic  field.  1,  3,  »  - 
correspond  to  gradiants  500,  50  and  100  G/ca;  2  -  correspond  to  the 
parabolic  dependence  of  the  derivative  of  aagnetic  field  and  to  the 
average/eean  gradient  of  tae  aagnetic  field  of  50  3/ca. 
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Page  233. 

Kinaaatic  divergence  is  connected  with  the  fast  that  the 
end-points  o £  ring  pass  starting  point  at  different  soseats  of  tine. 
Par  the  datetnination  of  the  possinility  of  decreasing  the  effect  of 
kinenatic  divergence  are  exaainsd  two  cases:  1)  at  starting  point  is 
located  ring  with  the  round  cross-section  with  a  diaaetar  of  1  an, 
which  corresponds  to  injection  into  the  solenoid  of  the  cluster  with 
the  sizes/diaensions  of  20  7  26  ’  i  mm;  ii)  at  starting  point  is 

located  ring  with  elliptical  cross  section  2a  '•  i  mm,  28  * i cm  ,  which 
corrasponds  to  injaction  into  the  solenoid  of  cluster  with  the  round 
cross-section  with  a  diaaetar  of  1  ci.  Pig.  2  shows  a  change  in  the 
strength  of  the  field  of  ring  along  the  accelerating  section  of 
aagnetic  field  for  these  two  cases.  In  the  case  of  1  decrease  of  the 
effect  of  kinaaatic  divergence  is  connected  with  the  decrease  of  siza 
s  In  the  case  P  the  effect  of  kinenatic  divergenca  can  be  reduced 
with  satisfaction  of  condition  a«6  at  the  entire  length  of  the 
accelerating  part  of  the  solenoid.  The  tine  of  acceleration  is 
50-100*00'*  s  at  tha  length  of  the  section  of  acceleration  80-100  ca. 
Par  aliainating  the  longitudinal  divergence  is  necessary  effective 
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longitudinal  focusing  in  tae  section  of  tha  collapsible/dropped 
■agnatic  field,  ondar  realization  condition  for  focusing  is  possible 
the  acceleration  of  protons  to  the  energies  0.3-0. 5  HeV  with  the 
currant  of  protons  ipunn"10  >*•  it  present  is  conducted  the  study  of 
spac9-charge  effect  and  betatron  oscillations  on  the  compression  and 
the  longitudinal  velocity  of  ring  at  starting  point,  is 
ra vaalel/latactad  affect  of  the  paraaetars  of  ring,  rata  of  its 
braking  in  the  aagnetic  field  and  interactions  of  proton  beaa  with 
the  ring  to  a  quantity  of  seized  protons  and  a  possibility  of  their 
furthar  acceleration ,  are  examined  the  possibilities  of  applying  the 
different  aethods  of  the  longitudinal  focusing  of  ring.  Further 
increase  in  the  effectiveness  in  the  acceleration  is  connected  with 
an  incraase  in  the  baas  current  and  a  decrease  of  the  disaster  of  the 
section  of  ring.  Thus,  for  instance,  an  increase  of  the  quantity  of 
electrons  in  the  ring  to  (2-S^1Q“  and  tha  sisultaneous  decrease  of 
diaeatar  the  sections  of  ring  to  3-5  aa  sake  it  possible  to  rely  on 
an  incraase  in  the  final  energy  of  protons  to  3-d  se7  with  current 
Ipunn  l0-20  «A. 
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Pig.  2.  Graph/curve  of  a  change  xa  tba  alactric  intensity  Ea  of  clog 
along  the  accelerating  section. 

Key:  (1)  .  tiav/a. 

Page  239. 

73.  Notion  of  tha  charged/loaded  relatiristic  ring  in  the  corrugated 
aagnatic  field. 

K.  A.  Reshetnitova. 

(Joint  Institute  for  nuclear  Research). 

is  exeat nad  the  sotion  of  the  thin  aziauthally  syseetrical 
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charged/Loaded  ting  in  the  periodic  along  by  the  variable/alternating 
z  nagnetic  field.  /actor  pot antral  of  tha  field: 

i  H,a  .  t  i % 

•  — r£—  (  f  +  otsin  k  £  )  .  (1) 

Hare  a  -  depth  of  nodulation  of  field;  k*~2v/\*  i  X'  - 
taree-dinensional/space  period  of  the  nagnetic  field  (ptiee  shows 
that  the  values  relate  to  the  laboratory  coordinate  systaa) .  Initial 
conditions  with  the  entrance  of  ring  into  the  corrugated  field  are 
such: 


t  -  0 ,  x  -  a'M  ,  *  -  0 ,  <-  0 ,  IT,- 1 rfm ,  Vv«>e  • 


In  the  coordinate  systen,  waich  notes  with  the  constant  velocity* 
equal  to  the  initial  longitudinal  velocity  of  ring,  for  (1)  we  have: 

Av-  aswnV)  .  (2) 

Hare 

qi-wt-ka,  k-kV,H,  <•>-*<,,  r.N-fl^T- 
Tha  intansitias/strengcb  of  electro nagnetic  field,  which 
correspond  to  potential  (2)  ,  will  be: 

-  OCTCJ  - 
6f— —  Hj  COS  i|> , 

HjCOSvjJ,  (3) 

Ha—  Ha(f+asi,ntp). 


Has  solved  first  the  task  about  tha  notion  of  single  particle  in 
the  fields  of  fora  (3)  without  taring  into  account  the  effect  of  the 
proper  field  of  the  charged/loaded  ring.  Is  proved  the  invariance  of 
value  r(S *hich  gives  the  single  bond  of  energy  of  particle 
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with  its  longitudinal  velocity.  Equations  of  aotion  with  the  aid  of 
the  law  of  conservation  of  the  generalized  azimuthal 
iapulse/moaentua/pulse  and  aentioned  invariant  are  reduced  to  the 
system  of  two  equations  whose  solutions  are  found  with  Krylov- 
Bogolyubov‘s  aathod  [  1  ]. 

After  constructing  tae  solution  in  the  single-particle 
approxiaation/approach ,  tnay  passed  talcing  into  consideration  of  the 
effect  of  the  proper  fields  of  the  charged/loaded  ring  both  static* 
and  caused  by  aotion  in  the  applied  field.  The  potentials*  which 
describe  the  proper  field  of  the  charged/loaded  ring*  are 
decoaposed/expanded  in  the  series/row  on  curvature  [2]  froa  secies 
expansion  parameter  and  on  the  delay  at  the  haraonic  dependence 

of  rata  on  tha  tiae  and  the  arbitrary  value  hr.  Here  a  -  radius  of 
the  section  of  tha  ring:  r  -  large  radius  of  ring;  When 

the  affact  of  dalay  can  be  disregarded/neglected. 

Ara  introducad  the  coordinates  of  the  divergence  of  particles 
froa  the  center  of  section  of  ring:  x2=z-z0.  The  aotion  of  the 

canter  of  section  is  known  froa  the  single-particle 

approxiaation/approach.  For  diverging  the  coordinates  froa  the  center 
ace  obtained  the  equations  in  whicn  is  carried  out  the  averaging  on 
the  rapid  oscillations  under  the  conditions:  a«1,  where  <*»M  - 

Larior  frequency. 
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As  a  result  is  obtained  the  following  systee  of  equations  for 
the  slow  variable/alteraating: 


Hare 


dax, 

dt2 


I  2  (  1 


X4=  0 ,  (5) 


,2- 

d  X,  2 

dt*  P 


2K  , 
={“(> 


,  2  2 
2  2  k  a 
Lk  a  + 


2  -1Vr.?.  xa"0-(6) 


/  J 


A  » 


r-  » 


2  f 

"H“UoC  1m  J* 


e*  n 


JiaHaam0]fw  ’ 


whera  N  -  number  of  electrons  in  the  ring;  r»  *  initial  value  7.  As 
can  be  seen  from  (5)  ,  focusing  in  the  radial  direction  is  provided  by 
tie  uniform  aagaatic  field.  Condition  of  radial  focusing  usual: 


2 

in 

N 


(7) 


Condition  of  longitudinal  focusing  from  (6) 

181 


Into  the  condition  of  longitudinal  focusing  a  number  of  particles 
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does  not  enter,  potential  well  depth  depends  on  S’,,,  0*-k'j-5lH). 

Focusing  lengthwise  -  quadratic  effect  in  the  value  of  variable 
field,  caused  on  the  one  hand  by  a  change  in  the  energy  of  particle 
external  S?  -  by  field  in  taat  selected  to  the  aoving/driving 
coordinate  systae,  with  another  -  oy  the  action  of  radiation  proper 
field  3,  proportional  to  a  nueber  of  particles  and  to  the 
acceleration  of  ring  with  figurative  sign  --*«).  Radiation 

field  is  called  here  the  part  of  the  proper  field  of  cluster,  caused 
by  its  acceleration. 

The  action  of  these  two  factors  leads  to  the  appearance  of  the 
standing  wave  relative  to  the  center  of  the  section  of  ring  whose 
frequency  is  equal  to  zero.  Appears  the  usual  aechanisn  of  focusing 
on  the  standing  wave  whose  value  is  daterained  by  relation  e/a.  lave 
aeplitude  where  hx  -  coaponent  of  applied  field,  in  this  case 

At  tha  saae  tine  the  wavelength  of  field  in  the  selected 
system  of  coordinates  ‘  Therefore  relation  potential  well 

dapth  increases  as  ya,N  • 

The  integration  of  equations  of  notion  in  general  fora  on  the 
computers  confirmed  the  presence  of  stable  oscillations  relative  to 
center  at  the  values  of  the  parameters,  under  satisfying  conditions 
(7),  (3>. 
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Thus,  during  the  aotion  ot  the  charged/loaded  relativistic  ring 
in  the  corrugated  eagnetic  field  in  the  coordinate  systea,  which 
aoves  together  with  the  ring,  appears  potential  well  on  the  radiation 
wave  and  the  wave  of  applied  field,  which  changes  energy  of 
particles,  that  brings  vita  increase  f%  and  suppleaentary  compression 
lengthwise.  Proa  the  condition  or  confinement  of  ions  in  the  ring  in 
the  case  when  the  frequency  of  the  affect  of  field  is  auch  aore  than 
frequency  of  ionic,  we  will  obtain:  the  value  of  nodulation 

of  field  does  not  depend  on  a  number  of  electrons  in  the  ring  and  can 
increase  with  increase  fa* 
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Page  233. 

74.  Calculation  of  tha  phase  voluaes  of  the  electric  ion  clusters  and 
beans  in  the  collective  accelerator  and  questions  of  separation. 

n.  L.  Iovnovich,  N.  B.  Busin,  V.  P.  Sarantsev. 

(Joint  Institute  for  Nuclear  Research). 

For  the  expeciaental  use  of  protons,  accelerated  to  the  high 
energies  by  the  collective  aethod  of  acceleration  [1],  it  is 
necessary  to  deteraine  the  scatter  of  protons  on  the 
iapulses/aoaenta/pulses  and  the  phase  voluae  of  proton  cluster.  These 
values  were  evaluated  at  wort  [  2J.  For  refining  these  estiaations  let 
us  exaaine  the  notion  of  protons  in  the  electronic  cluster  in  the 
process  of  contained  acceleration,  protons  are  foraad  in  the  process 
of  the  ionization  of  the  ato as  of  hydrogen  in  the  circular  cluster  of 
relativistic  electrons  with  the  sufficiently  low  speeds,  coaparad 
with  the  rates  of  the  atoas  of  hydrogen.  The  foraad  proton 
tast3/azperiances  the  action  of  the  electrical  and  aagnetic  field  of 
electronic  cluster,  and  also  external  aagnetic  field,  along  which  is 
accelerated  the  cluster.  Let  us  exaaina  circular  cluster  with  a 
nuabar  of  elactrons  less  than  10**,  and  by  the  snail  radius  s,  auch 
saaller  than  the  large  radius  B0. 
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la  this  case  for  the  estiaations  it  is  possible  to  disregard 
proper  aagnetic  field  is  co a par iso a  v it h  the  external,  and  also 
curvature  of  ring,  is  a  result  we  coae  to  the  task  about  the  notion 
of  protons  in  the  cylindrical  electron  stress,  perpendicular  to 
axis/axle  of  which  (axis/axle  dy)  as  directed  the  external  unifors 
nagnetic  field  of  value  H0  (along  the  axis/axle  Oz)  .  In  the  systee  of 
the  rest  of  electronic  cluster  the  equations  for  the  transverse 
notion  of  proton  take  tne  fora: 

— 0 ,  y  +  (1) 


where  ;  n-*Hfl-;  n  -  electron  density;  a  -  aass  of  proton,  is 

the  initial  conditions  let  us  accept  x*x0,  y*0,  Integrating 

second,  and  then  first  eguation  (1),  we  will  obtain  for  the 
coordinates  and  the  rates: 


<tgcoeMt 

x"x° 


x»- 


g(u»t-»Ui<at) 
¥"**  (i+gV’"*  ’ 


*,  ¥"2vf^sin2<i,t»  (2) 


q-  <Og/fl2-  23IMc2n/Ho 

For  the  electric  ion  cluster  g»1  in  question.  In  this  case 
expression  (2)  takes  the  following  fora: 


x-x0cos?,  ¥■*,<* 

x--w0x0rin<|>,  y «  2*0flsin  ^  , 


(3) 
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whera  9  -  u)0t . 

Tha  tiaa  facing  which  the  proton  velocity  retches  anxious,  is 
such  lass  thin  tha  storage  tine  and  acceleration  of  protons,  with  the 
aid  of  expressions  (3)  it  is  possible  to  find  the  scatter  of  protons 
by  transverse  pulses  in  the  laboratory  coordinate  systea: 

dpx“2Mo)0a,  dpy-4Mfla.  M> 

Expression  for  the  eeittance  of  the  cluster  of  the  protons 

e  «  APg-|Eai,  t  (5) 

whera  PB  *  longitudinal  ispulse/aonentua/pulse  of  proton,  agual  for 
ultraralativistic  notion  *cr>  s  *  the  aaxiaua  cross-sectional  area  of 
ring,  in  the  case  in  question  accepts  the  fora 

32nR0a3coaa  (R) 

t  = - 5^-5 — — • 

c2y2 

Pot  the  cluster  with  a  nuabec  of  electrons  5*10**,  a0— e, 
Ts  10*  we  obtain  ta's.io^  (na.  arad)*.  The  coaparison  of  the  obtained 
eaittanca  of  tha  accelerated  beaa  with  tha  eeittance  of 
strong-f ocQsing  accalrator  to  this  sane  energy  shows  that  this  of  the 
value  of  one  order. 

Besides  tha  aaittance  the  iaportant  characteristic  of  the  beans, 
obtained  on  tha  accelerators,  as  their  teaporary/tine  extent  and 
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respectively  "fill  factor". 

The  length  of  the  iapulse/aoaentua/pulse  r  of  tha  accelarafcad 
particles  in  tha  collective  accaiarator  is  vary  saall.  For  tha  energy 
of  protons  1000  3e7  r— 10*“*4  s.  This  structure  of  baaa  has  its 
advantages  and  deficiencies/lachs.  Advantages  becoae  apparent  in  all 
experiaants  with  tha  neutrino,  and  also  in  a  nuabar  of  cases  with  tha 
wort  with  the  bubble  and  spar*  cnaabers/caaeras.  The  worts  in  which 
by  a  traditional  net  hod  are  utilized  tha  counters  and  tha  coincidence 
circuits,  hara  require  special  developaents. 

Bxperiaents  with  bubble  chaabecs  require  preliainarily  tha 
separations  of  the  beans  of  secondary  particles.  This  task  is 
generally  very  coaplicated  with  such  anBrgies.  However,  the  beaas, 
which  can  be  obtained  wirn  the  aid  of  the  collective  accelerator,  are 
aost  been  adequate/approached  for  this  purpose  in  view  of  their  saall 
axial  extent.  The  diagraa  of  separation  is  siaple.  Frequencies  with 
the  idantical  ia pul ses/aoaent a/pulses  and  the  differing  Basses  after 
the  flight/span  of  the  specific  oasis  L  are  radiated  lengthwise  in 
certain  distance  AL  due  to  the  difference  in  the  rates.  Further  is 
arrangad/located  high-frequency  device-separator,  which 
daflacts/divarts  particles  froa  the  axis/axle.  If  we  take  AL»A/ 2, 
where  v  -  wavalangth  in  the  separator,  then  the  particles  of 
diffarent  aasses  differ  froa  axis/axle  in  opposite  directions,  i.e.. 
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will  occur  their  separation.  The  basis 


where  Bot,  B02  -  rest  energy  of  the  types  of  the  particles  in 
question  (for  exaaple,  see  [3]),  p  -  particle  eoaentue. 

Page  236. 

For  axaapLa,  for  isolation/evolution  K  -  aesons  froa  r  -  eesons 
with  VsJ  ca  and  pcsSOO  tie?  we  ootain  Ls3  0  ka,  and  for  the  antiprotons 
-  L»7.5  lea. 

For  shortening  of  the  overall  sizas  of  separative  systea  it  is 
possible  to  force  secondary  particles  to  aove  over  the  closed 
trajectories  in  tha  aagnetic  field.  Let  us  take  for  an  axasple 
weakly-focusing  type  aagaetic  systea  with  superconducting  coil 
electroaagnets  and  tiae-constant  aagnetic  field  H»60  kOe.  For  E-500 
GaV  radius  of  circular  path  BslBO  a.  During  the  appropriate 
colliaation  of  secondary  beans  it  is  possible  to  have  an  amplitude  of 
betatron  oscillations  as  9  1  ca.  Let  us  exaaine  two  versions. 

1.  Particles  of  different  nesses,  rotating  in  aagnetic  systea, 
diverge  along  azinuth.  If  we  further  rapidly  decrease  by  tha  saall 
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aagnatic  flail  strength,  taen  the  fallan  behind  particle  will  not 
rapaat  the  trajectory  of  front/leading  particle,  and  they  will  be 
derived  froa  the  ring  in  the  different  directions.  It  is  possible  to 
aaka  nore  siaply:  after  the  conclusion/output  of  particles  along  one 
trajectory  to  utilize  a  usual  separator. 

2.  After  particle  injection  in  ring  are  switched  on  accelerating 
high-frequency  aleaent s/cells.  Then  with  the  passage  by  particles  in 
the  ring  of  path  2L  useful  particles  during  the  appropriate  selection 
of  the  phase  of  accelerating  field  obtain  the  addition  of  energy  and 
they  will  pass  to  a  larger  radius,  and  particles  with  another  eass 
will  ranain  on  a  previous  radius.  Shift/shear  by  a  radius  is 
detecained  by  formula  where  n  -  index  of  magnetic  field; 

Ap/p« ae/e.e  -  anargy.  with  AH— 5  ca,  n*2/3,  ae/e-6.  10~*  speed  for  K  - 
masons  -37,  for  anti  protons  -3.  The  usaful  particlas,  isolated  on  a 
radius  froa  tha  unnecessary  particles,  are  derived/concluded  further 
froa  tha  ring. 

It  should  be  noted  that  the  intensity  of  decaying  particles  will 
decrease  at  tha  large  aean  free  paths  axaained.  Tha  ring  in  question 
can  be  used  also  as  storage  systea  for  the  protons,  the  antiprotons 
and  for  the  realization  of  their  collision,  or  as  the 
device/aquipeant,  which  stretches  proton  bean  in  tine  [2]. 
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75.  Steady  state  of  electron  ring  in  the  external  aagnetic  field. 


S.  Budnyaa,  Te.  I.  Zhidkov,  1.  V.  Ivanov,  E.  A.  Perel'shteyn. 

Joint  institute  of  nuclear  investigations)  . 

In  the  collective  aefchod  of  acceleration  as  those  accelerating 
ace  utilized  the  proper  fields  of  charged/loaded  bunches  of  particles 
[  1  ].  rhair  own  forces,  which  act  on  the  particles  in  the  systes,  are 
coaparei  in  value  with  the  external,  eatheaatical  aodels  of  snch 
foraation/educations  they  are  the  particular  decisions  of  the 
self-consistent  systea  of  eguations  of  7lasov. 
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Sara  is  axaaiaed  the  model  of  stationary  circular  cluster  - 
model  of  Yarkovoy  [2-4],  The  function  of  particle  distribution  in  the 
phasa  space  is  3alacted  in  cha  fora  of  function  froe  two  constants  of 
sotion.  The  first  -  total  energy  -  the  consequence  of  the  stability 
of  systea,  the  second  -  the  generalized  aoaent  of  aoeentua  -  the 
consaquanca  of  aziauthal  syeastry.  Total  energy,  and  also  generalized 
aoaents/torques  are  selected  identical  for  all  particles  of  one  type 
a  and  equal  to  respectively  and  Mm-  The  use  of  this  distribution 
function  reduces  to  the  systes  of  nonlinear  two-dimensional  intagral 
equations  for  kinetic  energies  £«  and  aziauthal  particle  noaenta  P<*«> 
depending  on  coordinates  a,  a  in  the  cylindrical  coordinate  systea. 

It  is  iapossible  to  find  the  decision  of  the  obtained  systea  in 
general  fora.  In  aany  interesting  physical  cases  it  is  difficult  to 
obtain  even  approximate  solution,  in  this  vorJc,  on  one  of  the 
exaaples,  is  investigated  the  possibility  of  applying  the  nuaerical 
method  of  decision,  analogous  developed  in  [5],  to  the  systea  of 
equations  of  the  eodel  in  question. 

1.  Os  interests  steady  state  of  ring  of  electrons  in 
veakly-focnsing  type  external  negnetic  field  with  index  of  decrease 
n. .  Os  will  consider  as  the  given  ones  paraeeters  H0:ic *7*,  (!„,  n,  and 
also  r0  and  P^o"  rnc?o  *  respectively  a  radius  of  eguilibriue  orbit  and 
an  aziauthal  iapulse/ecaentun/pulse  of  lone  electron  (in  the  absence 
of  its  owe  forcas),  *  -  -?-|A  4  where  N  -  total  nueber  of  particles  in 

C9 
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the  ring;  e,  i  -  charge  and  a  ass  of  electrons;  S  -  kinetic  energy  of 
electron,  averaged  over  the  section  of  the  ring  whose  area  is  equal 
to  S» . 

POOTNOTB  1 .  selecting  thus  the  basic  parameters,  we  simplify  the 
systea  of  equations  of  aodex.  It  is  possible  instead  of  io>Pvo  to 
assign  the  appropriate  values  taking  into  account  its  own  forces,  and 
instead  of  at  -  total  nuaber  of  electrons  H.  This  will  not  produce  the 
need  for  changing  the  netnod  of  nuaerical  solution  which  we  utilize. 
ENDFOOTHOTB. 


Page  237. 


The  systea  of  the  integral  equations  of  the  aodel  of  larkovoy  in 
our  case  takas  the  fora: 


lf”' 45T  \  ) y(*.* )dada +y0,  ( i > 


L  —  boundary  of  the  region  s  —  is  assigned  by  the  functional 
equation 


f  -  i 1  - 


(3> 


In  foraulas  (l)-(  1)  value  th9  function 


o. 


♦  V(a*a')*  ♦(»-*')* 


K(k), 


(4) 


— ■ _ * 
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y 


but 

whera  K  and  E  *  coaplete  alli.pc.ic  integrals; 

*  Ar-r1 

^  *  (r*r')#  ->(1  -  z'J*  ' 

2.  following  worlc  [5],  let  us  introduce  continuous  paraaetar  t 
changing  in  interval  0<r<-,  and  auxiliary  systea  of  equations  which 
convert3/transfers  in  (1)-(3)  with  t ixt,  0^t,<-. 

9a  will  consider  that  boundary  L*L ( t)  let  us  define  H=B  (t)  as 
the  radius-vector  of  arbitrary  point  on  L. 


Tha  aeans  of  equations  let  us  leave  without  the  changes* 


and  instead  of  (3)  let  us  require 


4*L-4rr*dt— V  *L-®<S> 


(6) 


dt  dt 

with  tha  initial  conditions  i  (t*0)  =L„*  where  r(t*0) 

and  -  respectively  the  decision  of  aquations  ( t )  —  (2 )  #  in  which 

ragion  s  is  liiitai  by  1.  Proa  aany  directions  in  which  it  is 
possible  to  defora  L(t)  at  each  point  of  boundary  in  accordance  with 
(6),  let  us  select  the  direction*  noraal  to  L(t): 

whera  tt(R)  -  vector*  tangent  to  L. 


(7) 
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Systea  of  aquations  (1),  (2),  (6),  (7)  determines  the  aotion  of 

boundary  vita  a  change  in  parameter  t,  moreover  fuoe  (6)  it  follows 
that  da/dt*0  when  -  o,  tne  eotion  of  boundary  ceases  with  execution 
(1)-(3|  and  the  decision  of  auxiliary  systea  of  equations  coincides 
with  unknown  with  the  cessation  of  boundary  a{t).  Let  us  note  that 
the  decision  of  systea  (1)#  (2),  (6),  (7)  with  t£tl(  if  it  exists  and 
is  singular,  must  not  depend  on  selection  a0  and  direction  of  strain. 

3.  Decision  of  systea  (1),  (2) ,  (6),  (7)  was  aade  on  coaputers. 
Has  selected  the  initial  region  s-s0  and  were  nuaerically  solved 
equations  (1) ,  (2)  by  the  aethod  of  replacing  the  integral  equations 
by  the  systea  of  algebraic  linear  equations,  simultaneously  were 
located  <»,„  and  Equations  (6),  (7),  solved  relative  to  dB/dt, 

were  replaced  by  finite-* difference  and  were  calculated  values 
R ( t | ) *R (r) ,  which  correspond  to  tne  new  region  st.  Then  entire  course 
of  calculations  was  repeated  with  use  st  and  so  forth.  Obtained  thus 
decision  of  systea  sust  converge  to  precise  with  r— *0. 

For  the  final  adjustaent  of  algoritha  and  explanation  of  the 
precision/accuracy  of  calculations  was  at  first  solved  the  systen  of 
equations  (1),  (2)  disregarding  by  the  effect  of  curvature  in  nuclei 
(4)  and  (5) .  This  corresponds  to  the  dsteraination  of  the  stationary 
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foci  of  electronic  3 ord.  it  is  ciaar  that  this  task  mst  be  aziiathal 
syiaatrical  over  tha  section,  and  tharafoce  the  dependence  of 
physical  quantities  fro*  tne  azisuth  is  connected  with  the  aiscounts. 
Besides  in  addition  to  this,  as  it  follows  froa  work  [3],  there  is  a 
dependence  of  energy  and  iapulse/aoaantua/pulse  on  the  coordinate  of 
particle  over  the  section  of  cord.  Pig.  1  given  the  section  of  cord 
(circle  by  a  radius  a*0.76,  x=6J)  gives  values  y  at  different  points 
of  section.  Proa  it  it  is  evident  that  the  aaxiaun  difference  y  at 
points  on  outer  circuaference  as  equal  to  0.0005,  and  the  difference 
between  value  y  in  the  center  of  cord  and  on  outer  circuaference 
0.01.  Hence,  in  accordance  with  £ij,  it  is  possible  to  aake  the 
conclusion  about  tha  precision/accuracy  of  the  deteraination  of  a 
radius  of  the  section  of  cord 


It  is  possible  to  trace  the  dependence  of  discrepancy  0(v«  on 
initial  conditions  ITo*?o-  So  for  a*0.76,  y„=5  and  2o  =4,*o  we  obtain 
♦*-0.1,  for  2o  "4.«2  we  have  #*0.02.  This  leans  that  when  l,s0<  l20<  4>r2> 
radius  a*0.76  is  true  decision. 
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Pinally,  were  aade  calculations  for  the  ring  with  a  large  radius 
of  ro*30  (x*0. 83) .  In  this  case  in  (4)  and  (S)  were  considered  the 
teres,  which  give  corrections  for  curvature.  The  fore  of  section  is 
given  in  Pig.  2. 

The  obtained  results  give  grounds  to  consider  that  the  algorithe 


of  decision  presented  will  sate  it  possible  to  find  the 
self-consistent  fora  of  the  electronic  cluster  of  large  density,  and 
also  steady-state  solution  for  the  two-conponent  systees. 
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Pig.  2.  Por»  of  the  section  of  electron  ring  for  x=0.83,  ro=30,  fo*5. 
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Session  vi. 

SUPERCONDUCTING  ELSE  ENTS  OP  ACCEDE HAT OB. 

76.  study  prograe  of  Rutherford  laboratory  for  superconducting  proton 
synchrotron. 

N.  D.  Test. 

(Rutherford  laboratory,  England). 

Tils  report  contains  tna  short  survey /coverage  of  works  on  the 
creation  of  the  project  of  the  superconducting  proton  synchrotron  for 
the  autharford  laboratory.  Hill  be  here  touched  upon  only  sons  basic 
investigations,  and  detailed  survey/coterage  can  be  found  in  recently 
published  article  [1]. 

Study  of  the  degradation  of  windings. 

The  iaportant  problen,  which  appears  during  the  design  of  the 
superconducting  coil  electro sag  net,  is  the  creation  of  winding. 
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capable  of  ■aiataiaing  alga  currant  densities  without  a  change  in  its 
characteristics.  Despite  the  fact  that  the  basic  raason  for  the 
degradation  of  windings  (juaps  of  eagnetic  flux)  is  resowed  during 
the  use  of  aulticore  cable  L2J,  it  is  necessary  also  not  to  allow 
such  sechanical  effects  as  heating  windings  due  to  the  internal 
friction  in  the  conductors*  that  appears  with  the  iisplaceaents  of 
the  turns  of  coil.  Por  dealing  with  the  data  by  the  phenoeenon  it  is 
possible  to  secure  windings*  pouring  by  their  suitable  for  this 
purpose  substances.  On  fortunately*  it  is  discovered,  that  the  coils* 
saturatad*  for  exaapls*  with  epoxy  resin,  nevertheless  undergo  wear 
and  degradation.  The  part  of  our  experiaental  prograa  was  dedicated 
to  the  investigation  of  this  problea  with  the  aid  of  several  coils* 
supplied  by  direct  current. 

Thase  coils  in  bore  12  cn  and  length  of  no  ce*  intended  for 
applying  as  the  pole  windings  the  guadrupols*  are  wound  by 
eighteanvein/aightaanstrand  cable  of  niobiua-titaniua  alloy.  Vow  in 
Manufactured  a  larga  number  of  the  pole  windings  which  are 
iapragnated  with  different  substances.  The  first  nine  such  windings 
already  underwent  tests,  ire  given  below  the  basic  results  of  tests. 

1.  In  uniipcegnated  current  coils*  attained  in  process  of 
aging/training*  is  only  6O-8O0/0  of  current  which  succeeds  in 
obtaining  in  short  cut  of  this  cable. 
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2.  In  coils,  saturated  wit*  wax,  current,  equal  in  aagnitude  to 
current  in  short  saaple/speciaen  of  cable,  is  obtained  without 
aging/training.  In  this  case  occurs  the  splitting  of  wax,  that, 
however,  it  does  not  affect  the  perforaance  characteristics  of  coil. 

3.  Current  in  coils,  saturated  with  epoxy  resin  without  filler, 
can  becoae  very  close  in  value  to  current  in  short  saapla/speciaen  of 
cable  only  after  intense  aging/training.  In  the  sections  of  coil, 
strongly  saturated  by  resin;  is  also  possible  the  splitting,  which 
leads  to  the  subsequent  change  ia  the  characteristics  of  coil. 

<*.  in  coil,  cesin-iapregnatad  with  adaixture/iapurity  of 
powder-like  quartz,  does  not  occur  splitting,  but  current  reaches 
aaxiaua  value  after  brief  aging/training.  However,  it  is  necessary  to 
note  that  the  cable,  which  was  oeing  utilized  for  the  coil/wiading  of 
this  coil,  was  previously  processed  by  solder  and  it  is  unknown,  as 
this  influenced  the  obtained  perforaanca  characteristics  of  coil. 

Degradation  and  effects  of  agxngs/trainings  of  the  coils, 
resin-iapregnated,  can  occur  on  different  reasons.  For  exanple. 


strain  energy  due  to  different  local  iaportance  of  the  coefficient  of 
the  tharaal  expansion  of  tne  aaterxals  of  coil  upon  the  inclusion  of 
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suppLy  ran  ba  sapantad/lifceratea  in  the  fora  of  heat  oc  pcoduea  the 
splitting  of  iapregnant,  which  leads  to  the  displacaaent  of  tha  tarns 
of  winding.  Resolution  of  this  problem  sonsists  in  the  use  of  such 
impragnants  which  either  do  not  yield  to  splitting  or  the  strain 
energy  of  which  is  seal!  as,  for  example,  fron  wax.  Furthermore,  it 
is  possible  to  utilize  resins  wita  the  admixtures/impurities  which 
have  tha  value  of  the  coefficient  of  theraal  expansion  close  to  the 
value  of  the  coefficient  of  tae  expansion  of  the  aaterial  of 
conductor . 

Tha  usa/application  of  resins  with  the  fillers  is  aost 
promising,  although  the  hign  viscosity  of  such  resins  coaplicatas  the 
procass  of  iapr9gnation.  Mow  tests  different  technology  of  the 
impregnation  of  coils  and  are  investigated  the  properties  of  sons 
other  impregnating  substances. 

Davalopaant  of  tha  magnets  of  alternating  current. 

Tha  considerable  place  in  our  program  is  assigned  to  the 
development  of  large  high-currant  kickers  for  tha  proton  synchrotron. 
Are  now  completed  the  first  part  of  this  work,  connected  with  the 
investigation  of  the  working  characteristics  of  basic  conductor  on 
alternating  current  [2]. 

I 

i 
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Lead  tasting,  wound  around  the  snail  coils,  showed  the  operational 
stability  of  such  conductors  in  the  pulsed  operation  and  confiraed 
the  correctness  of  theoretical  calculations  aagnitudes  of  losses  with 
alternating  currant.  Furtnaraoce,  now  is  studied  the  possibility  of 
producing  the  cables,  twisted  iron  216  strands  basic  conductor,  which 
in  the  state  to  maintain  currents  on  the  order  of  5000-10  000  A.  For 
facilitating  the  process  of  coil/winding  and  iaproveaent  in  density 
distribution  of  current  in  the  cross  section  of  cable  was  developed 
technology  of  obtaining  cable  with  the  square  section.  This 
technology  eliminates  the  daaage  to  insulation/isolation  of  cable. 

In  the  present  stage  of  experimental  work  are  investigated  the 
performance  characteristics  of  the  wound  by  cable  coils  of 
alternating  curraat.  Have  already  been  begun  the  tests  of  entrance 
coils  with  th9  siaple  gecaetry  for  the  dipole  aagnats.  At  the  saae 
time  for  the  purpose  of  the  final  adjustaent  of  construction/design 
is  installed  the  large  pulse  dipole  aagnet  with  a  length  of  40  cm, 
also,  in  bore  10  ca.  The  coils  for  this  aagnet,  which  have  sector 
windings  [3]  with  the  fora  of  the  end  connections,  proposed  by 
Coupland  [4],  are  wound  by  cable  with  the  section  5  am*,  twisted  of 
108  strands.  Magnet  aust  create  magnetic  field  with  the  induction  5  T 
with  the  current  7000  A. 
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Is  interesting  the  selected  method  of  cooling  the  coils.  Between 
the  separate  layers  of  conductors  are  placed  the  packing  fros  the 
isolated/insulated  copper  conductors,  that  discharge  heat  to  the 
channels  with  heliue.  These  channels  are  placed  between  the  sectors 
of  coils.  Coil  is  asseanlad  by  aeans  of  the  connection  of  a  large 
nuabec  of  separate  windings.  One  experimental  winding,  wound  by 
copper  wire,  i3  already  prepared,  a ith  its  aid  will  be  checked 
technology  of  the  process  or  coil/winding  and  is  investigated  the 
effect  of  the  aechanical  cooling  stresses.  The  production  of  the 
superconducting  windings  will  be  Degun  iaaediately  after  into  the 
laboratory  will  be  supplied  lead/duct. 


During  the  davalopaent  or  aagnet  it  is  very  important  to  study 
different  possible  versions  of  the  geoaetry  of  coils  and 
precision/accuracy  of  the  execution  of  coil/winding,  which  would 
ensure  the  necessary  quality  of  aagnetic  field  [5].  Special  interest 
causes  the  problea  of  obtaining  the  optiaua  fora  of  the  cross  section 
of  coil  with  the  given  size/diaension  of  conductor.  Practical 
investigations  switch  on  also  sterility  measure aent 3  of  the 
sizes/diaensions  of  coil  during  its  cooling.  These  aeasureeents  are 
conducted  on  the  accurately  wound  non-superconducting  aodels  of  coil. 
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Design  of  accelerator. 

Target  of  the  leading  investigations  -  to  replace  the  working  in 
the  laboratory  accelerator  with  the  energy  of  particles  to  7  Gev  with 
tne  new  superconducting  proton  synchrotron.  It  is  possible,  however, 
to  hope  that  these  investigations  will  be  useful  during  the  design 
and  of  other  eachines,  whicn  use  tne  superconducting  coil 
electroeagnets. 

The  basic  require  sent  of  design  consists  of  obtaining  of 
particles  with  the  final  energy  25  Ga?  with  the  aean  radius  of 
■achine  28  a.  The  selection  of  a  radius  of  this  value  is  caused  by 
the  3iza/iieansion  of  the  existing  location,  special  attention  it  was 
necessary  to  give  to  the  optisua  use  of  the  available  area.  This 
raquireaent  determined  the  selection  of  eagnetic  structure  with  the 
aspiration  of  the  functions  of  its  separate  eleeents/cells.  For  long 
straight  section,  intended  for  injection  and  bean  extraction,  it  was 
possible  to  place  in  the  location,  after  foregoing  the  seriesAow  of 
confronting  after  each  other  rotary  aagnets.  On  the  liberated  place 
it  is  possible  to  establish/install  the  sagnets  for  the  rapid  bean 
deflection  and  other  instruaents.  Magnetic  structures  with  the 
conbination  of  the  functions  of  separate  eleaents/oells  can,  however, 
also  be  utilized  in  the  accelerators.  This  is  achieved  by 
arrangeaent/position  on  the  aagnets  of  dipole  and  guadrupole 
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windings.  Ths  absence  of  coanection/coaa unication  between  such 
windings  aakes  it  possible  to  excite  fcoe  independently  of  each 
other/  aa king  control  of  aachine  tue  same  of  flexible*  as  in  the  case 
magnetic  systea  with  the  separation  of  the  functions  of  separata 
eleaent3/cells.  The  supplementary  savings  of  place  is  achieved  by  the 
arrangeaent/position  of  the  larger  possible  number  of  magnets  in  one 
gensral/coamon/total  cryostat  for  the  aaxiaua  decrease  of  the  surface 
of  cryostats.  This  becoaes  possible  in  such  a  case  when 
eleaents/cells*  such*  for  exaaple*  as  correcting*  are  made  in  the 
fora  of  the  suppleaentary  superconducting  winding  on  background 
magnet*  and  other  coaponents*  for  exaaple  the  beaa- position  sensors* 
they  can  work  within  the  cryostat.  Purtheraore,  especially  for  the 
machines  of  saall  diameter,  it  is  necessary  to  develop  the  coapact 
frontal  windings  of  aagnet*  since  in  this  case  due  to  the  effect  of 
the  sagging  of  floor/sex  aany  elements  of  aagnetic  structure  aust  be 
saall  according  to  the  sizss/diaensions. 

hasng  aany  other  questions  of  the  design  of  accelerators*  which 
deserve  discussion*  special  attention  during  the  development  of  the 
construction/dasign  of  aagnets  aust  be  paid  to  the  guarantee  of  the 
required  characteristics  of  magnetic  field*  the  adjustment  of  magnets 
and  their  shielding  froa  the  external  aagnetic  fields. 


Other  investigations 
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Besides  tha  mentioned  above  works,  by  us  is  carried  out  the 
study  of  cryogenics  and  materials  which  will  be  required  during  the 
construction  of  proton  synchrotron  [6].  Keeping  in  aind  the  future 
superconducting  synchrotrons  to  the  very  high  energies,  especially 
attentively  one  should  relate  to  the  use  of  the  superconducting 
installations  for  the  energy  storage,  which*  possibly,  are  the 
resolution  of  the  pcoblea  of  the  supply  of  powerful /thick  aagnets. 

How  is  discussed  the  possibility  of  the  construction  of  the  prototype 
of  such  installations.  Theoretical  questions  of  tha  superconducting 
installations  for  the  energy  storage  examine  recently  published 
article  [7]. 
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77.  pi»a  3upercoaducfcing  coil  sleet roaagnets  with  the  iroo  scresas. 

Yu.  P.  Batalov,  M.  I.  Doya uo?,  A.  3.  Zhikhareva,  M.  A.  Honoszon,  G. 
v.  Trokhachev,  G.  ?.  Churakov. 

(Scisntific  research  institute  of  tha  alectrophysical  aquipeent  ia. 
D.  7.  Efreaov) . 

During  the  creation  of  strong  aagnetic  fields  with  the  aid  of 
the  superconducting  and  cryogenic  aagnats  difficulties  presents  the 
account  of  tha  final  thickness  of  winding,  and  also  effects  of  the 
saturation  of  iron. 

The  calculation  of  the  effect  of  iron  screen  and  the  correction 
of  this  effect  it  is  coaparati vely  siaple  to  satisfy,  if  screen  is 
arrangad/locitad  comparatively  far  [  1 J,  in  the  region  where  the 
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induction  lower  than  saturation  induction  of  iron.  However,  for 
dacraasing  tha  nacassary  nuaoer  of  aapare  turns  of  winding  the  screen 
should  be  arranged  iaaediataly  behind  winding  [2]  in  spite  of  its 
strong  saturation.  In  this  case  the  effect  of  iron  will  pronounce 
both  at  the  level  and  on  the  fora  of  field,  and  for  its  deteraination 
will  have  to  resort  to  relaxation  aethod  [3,  4], 

CJndar  conditions  for  tne  strong  saturation  of  iron  the  task  of 
deteraining  the  field  proves  to  be  substantial  nonlinear  which 
extreaely  iapedes  the  use/ap plication  of  analytical  aethods  and 
analog  aoiels.  Actually  the  only  aethod  of  decision  in  the 
sufficiently  ganeral/coaeon/total  fornulation  of  the  problees  of 
nonlinear  aagnetostatiC3  is  the  net  point  aethod  which  effectively 
can  be  realized  only  on  the  coaputars. 

The  purposa  of  this  work  is  the  axaaination  of  the  procedure  of 
shaping  of  fields  taking  into  account  the  nonlinear  properties  of 
anviconaant  and  tha  calculation  of  the  superconducting  dipole  aagnet 
with  the  iron  screen. 

Assuae  in  circular  tube  doaain  of  radius  r0  (Pig.  1)  it  is 
necessary  to  craate  the  plane- para 11 el  aagnetic  field  of 
iatensity/str angth  f)0.  Its  vektor  potential  has  only  one  coaponant 
In  tha  occupied  by  current  region  the  vektor  potential  can 
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(1) 


be  represented  in  the  fora  [5] 

Aerflr^i(x*'2al*en  x0' 
where  j  -  peraanent  over  the  section  of  winding  current  density. 


?he  effect  of  environaent  can  be  described  by  the  assignaent  of 
the  distribution  of  the  tangential  coaponent  of  the 
intensity/strength  of  field  Hr  along  the  outer  duct  p(*)  current 
ragion.  Expression  for  distrioution  Ht|t,p((|)  lengthwise  p(*) 


p 

•  j 

u. 

i-fi 


"j) 


t  txiT-o  L p  _  ao\  d piay  j 

c  V*.  p  1  pipU(dp/ dV)»  a»| 


is  siaultaneously  the  equation,  which  are  deteraining  p(*). 


In  the  case  of  unifora  field  (,i*'fVC0,?>  and  eguation  (2)  for 

the  first  quadrant  is  reduced  to  tne  fora 

,  (P  ao\l  P  cosirdp/ehr 

f(v)- swur-kl  —  - -=-)  r—  , -  /  ,  »  >■  » 

L  Vo  P/J\/p%(dp/d<p)*  \/p -<dp/d«»)  (3) 

where 

„a.,;  fW. 

Fig.  2  depicts  the  configurations  of  winding,  obtained  during 
integration  (3)  under  the  assuaption  p=- ,  (  ^k.p'01  ■ 


In  general  the  calculation  of  aagnet  can  be  brought  to 

the  following  procedure: 
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1.  Is  fulfills!  approximate  computation  for  estimation 

«r  • 

2.  Proa  (2)  Is  determined  p  (#) ,  whils  froa  (1)  -  distribution 
along  intsrnal  contour/outline  of  iron,  which  Bakes  it  possible 

to  tsntatiraly  dataraine  tnictnass  of  screen. 

3.  Decision  by  relaxation  aetaod  of  9xterior  problea  relatively 

ae  t  determination  Mrf,  "  and  return  to  point/itea  2. 
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Pig.  2.  The  position  of  the  outer  duct  of  current  region  with  the 
succassiva  approximations:  0  -  zer o  approximation;  1  -  first 
approxiaation,  ate. 

Paga  242. 

4.  in  lattar/last  cycias  is  useful  to  include/connect  finding  of 


field  in  aagnet  opening  on  known  ones  M^|a.p  and  configurations  of 
winding;  this  calculation  is  conveniently  carried  out  with  use  of 
aodifiad  potential  [6]. 

Tha  devaloped/processed  superconducting  dipole  (Pig.  3,  4)  has 
paraaatars  no*50  000  a*  j*l0*  a/cb2.  The  superconducting 

winding  is  aade  froa  the  "thin"  niobiua-titanate  superconductors  in 
the  oopper  aatrix/iie,  coepounded  of  epoxy  resin  with  the  filler, 
which  possesses  high  theraal  conductivity,  (finding  is  coepounded 
together  with  the  iron  screen.  For  the  best  heat  raaoval  froa 
interior  inslda  the  winding  are  eaoedded  copper  tubes,  and  the 


,  •  x  ' 
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surface,  adjacent  to  the  screen,  will  be  bordered  by  the  copper  foil. 

Screen  consists  of  the  "cold"  part,  located  in  the  region  of 
liquid-heliue  taeperatures,  and  the  "ware"  part,  arranged/located 
outside  the  cryostat. 

This  construction/design  of  eagnet  makes  it  possible  to  reduce 
the  aass  of  th9  cooled  material  in  comparison  with  the  aagnets  whose 
screan  is  arranged/located  within  the  cryostat,  and  in  coaparison 
with  magnets,  whosa  screen  is  arranged/located  outside  the  cryostat, 
to  decrease  the  necessary  number  of  anpere  turns  of  winding. 
Furthermore,  during  this  construction /design  the  "cold"  part  of  the 
scraan  is  simultaneously  stressed  frame,  which  simplifies  the 
attacheent  of  winding. 

Cryostat  consists  of  two  shells,  between  which  is  supported  the 
vacuum.  Between  these  shells  are  arranged/located  the  heat  shields, 
coolad  by  liquid  nitrogen,  heat  shields  and  internal  volume  of 
cryostat  rest  on  the  heat- insulating  supports. 

For  calculating  the  magnet  with  the  aid  of  the  coeputers  to  the 
region  of  the  first  quadrant  of  section  (Fig.  3)  was  sir  *  rim  posed 
square  grid  with  the  step/pitcn  h»*  cm.  A*  along  axis/axle  oy  and 
outer  duct  of  iron  it  was  assuaed/set  by  equal  to  taro.  The 
calculation  o'  field  in  the  iron  was  fulfilled  by  the  aethod  of 
over-relaxation  [•]. 
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0  S  10  \  A'  IS  20  2S  30  X,cm 

Pig.  3.  Pirst  quadrant  of  tne  section  of  the  dipola  superconducting 
coil  alactroaagnet  with  the  iron  scraen. 
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-  0.2;  2  -  0.4;  3  -  0.6;  4  -  0.8;  5  -  1.0;  6  -  1.2;  7  -  1.4;  8  -  1.6; 
9  -  1.8;  10  -  2.0;  11  -  2.2;  12  -  2.4;  13  -  2.6;  14  -  2.8;  15  -  3.0; 
16  -  3.2;  17  -  3.4;  18  -  J.6;  b)  S  (kg);  1  -  10  (1440),  II  -  15 
(570);  III  -  20  (72);  17  -  25  (8.8);  7-30  (3.8);  71  -  35  (2.7);  711 

-  40  (2.2);  7III  -  45  (2.0);  II  -  50  (1.8).  In  the  brackets  are  given 
the  values  for  iron. 

Page  243. 
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The  prograa,  which  fulfills  procedure  indicated  above  of 
calculation,  provided  the  deter aination  of  the  boundary  between  the 
winding  and  iron  -  line  A1A«  in  Eig  3  (line  AtA3  -  the  position  of 
boundary  with  .  Count  concluded,  when  the  aaxiaua  distance 
between  the  subsequent  and  preceding/previous  boundaries  becaae  less 
than  0.5  as.  A  nuabar  of  aapere  turns  of  winding  is  equal  to  5.10*  A, 

which  is  approxiaateiy  two  tiaes  lass  than  the  nuabar  of  aapere 
turns  of  the  corresponding  aagnet  without  the  iron  screen. 

Subsequently  it  is  proposed  to  switch  over  to  the  irregular 
triangular  grid  with  the  saalier  step/pitch,  which  ensures  high 
pracision/accuracy,  especially  during  the  calculation  of  boundary 
values  in  the  curvilinear  sections. 

Calculations  were  perforaed  on  the  computers  BESti-4. 

Tho  authors  are  grateful  to  ?■  ?.  Shelonin  and  7.  n. 
Stelclyannikov  for  the  aid  m  the  organization  of  calculations  and  for 
the  discussion  of  the  nusber  of  questions  of  prograaning. 
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Discussion. 

7.  G.  Da viiovskiy .  Since  in  tna  sagnets  of  the  type  iron  in 
question  it  is  substantially  nonlinear  elenent/cell,  then  this  aagnet 
can  fora/shapa  a  good  field  only  with  the  specific  for  this  eegnet 
value  of  field,  (las  ezaained  the  teapots ry /tine  dynaaics  of  field 
with  a  change  of  the  value  of  coil  current? 
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».  I.  Doyaikov.  This  axaaination  was  not  given. 

7.  s.  Daviiovskiy.  In  that  case  Z  want  to  say  that,  apparently, 
for  tha  accelarators  much  aoce  being  adequate/approaching  are  the 
systeas  in  which  the  screen  is  located  at  the  considerable  distance 
froa  the  winding,  there  where  there  is  no  saturation,  i.a.,  this 
systaa  is  good  for  the  accuaulator/storage  where  the  field  is 
constant,  but  not  for  the  accelerator. 

78.  Soae  calculated  and  experimental  data  on  the  davelopaent  of 
synchrotrons  with  stationary  field  on  the  energy  35-350  GES. 

N.  I.  Doynikov,  it.  A.  Honoszon,  a.  7.  Bozhdestvenskiy ,  Tu.  P.  Sivkov, 
A.  N.  Stolov,  3.  7.  Trokhachev. 

(Sciantific  rasaarch  institute  of  the  alectrophysical  equipnent  la. 

D.  7.  Tefreaov) . 

In  works  [1,  2]  was  exaained  the  possibility  of  designing  of 
proton  synchrotrons  on  the  basis  of  the  superconducting 
elect roaagnets  with  the  stationary  field,  which  ara  synchronously 
turned  relativa  to  aquilibcius  orbit.  This  systea  aakes  it  possible 
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to  change  Biddle  field  in  orbit  with  the  supply  of  the 
superconducting  windings  by  direct  current. 

In  this  case  there  is  no  need  for  in  the  powerful/thick  systea 
of  the  excitation  of  aagnetic  field,  are  eliainated  the  losses  of 
alternating  current  in  the  superconductors,  is  siaplified  the 
construction/design  of  windings  and  cryostats,  descend  heat-inpat  and 
decreases  the  power  of  refrigerators  and  liquefiers.  A  nuaber  of  nost 
iaportant  tasks,  which  are  subject  to  decision  during  the  creation  of 
such  synchrotrons,  includes  the  stabilization  of  particle  notion  near 
the  aquilibriua  orbits  of  double  curvature  and  precise  synchronous 
rotation  of  the  superconducting  electroaagnets. 

Are  exanined  below  soae  questions  of  particle  dynanics,  and  also 
questions,  connected  with  tne  realization  of  the  synchronous  rotation 
of  electroaagnets.  on  tne  basis  of  this  exaaination  are  given  two 
versions  of  the  basic  paraaetars  of  possible  accelerators  to  the 
energy  into  ten  and  hundreds  of  GeV. 

In  the  sinplnst  aagnetic  structure  consecutive  electroaagnets 
1.2  (Pig.  1)  are  turned  in  opposite  directions.  In  this  case  vertical 
field  coaponent  is  identical  in  all  electroaagnets  and  is  egual  to 
where  B  -  value  of  field  in  the  electroaagnet.  The  radial 
coaponent  of  field,  directed  in  the  consecutive  units  to  opposite 
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sides,  leads  to  the  orbit  perturbetion  in  the  vertical  plane,  which 
is  changed  in  tie  process  of  particle  acceleration.  Fig.  2  shows  the 
■axiaun  value  of  the  displaceaent  of  orbit  depending  on  the  length  of 
electroaagnets  for  two  versions  of  accelerators  at  different  lengths 
of  free  gaps/intervals  -  and  different  values  X  -  the  ratio  of 
naxiaua  energy  Em  to  the  energy  of  injection  E0. 

3eaa  focusing  by  the  acceleration  can  be  conducted  by  guadrupole 
lenses  with  tne  variable  field.  The  energy,  stored  up  in  the  aagnetic 
field  of  lenses,  aany  tiaas  of  less  than  the  energy,  stored  up  in  the 
field  of  rotary  electroaegnets.  Therefore  the  power  of  the 
power>supply  systea  of  leases  is  seall. 

Page  244. 

The  dual  curvature  of  equiiibriun  orbit  leads  to 
connection/conaunication  of  vertical  and  radial  betatron 
oscillations.  Calculation  with  the  aid  of  aatrix  procedurn  [3]  shows 
that  the  effect  of  this  connection/connunication  on  the  frequencies 
of  betatron  is  unessential.  Essential,  however,  proves  to  be  a  change 
in  the  frequency  of  vertical  betatron  due  to  a  change  of  the 
curvature  of  orbit  in  the  vertical  direction. 


A  change  in  the  phase  of  betatron  oscillations  for  one  period 
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with  an  aziauthal  langtn  of  2<(i0  is  dstarained  by  the 

relations hips/ratios 

2  2 

-*  v-  2R«<h>(«-  f  ♦!)(£  -  £)+ 1  > 

c<*  ^“<-2  -at,. *<-».*(<  -  HVi)(j;  -  j), 

whaca  B„  -  radius  of  curvature  of  orbit  (at  the  end  of  the  cycle  of 
acceleration) ,  f4,  E*  -  focal  lengths  of  the  lenses,  which  focus  on  a 
radius  &nd  on  tha  vartical  line. 

In  foreulas  (1)  and  12)  are  onittad  the  terns  with  the  degrees 
of  value  (*{>0t9«)  fron  the  fourth  and  it  is  above. 

For  tha  coapensation  for  dependence  0.  on  *  it  is  necessarv  to 

Figure  3  gives  the  dependence  1/f.  and  i/f~  on 

regulate  values  1/f(  and  1/ tx.  a  the  energy  of  protons  roc  a  number 

of  alanants/cells  of  periodicity  U*25  5,25). 

For  aaintaining  the  constancy  ft  and  f*  the  currents  in  the 
lenses  aust  vary  in  proportion  to  to  particle  aoaentua,  i.e. ,  as  B 
cos  ♦  (♦)•  Dependence  ft  and  f*  on  energy  E  requires  the  sore 
complicated  law  of  a  change  in  the  current,  but,  as  can  be  seen  froa 
Fig.  3,  in  essence,  at  the  initial  stage  of  acceleration.  This  aahes 
it  possible  to  create  dependence  ft  and  fx  on  the  energy  with  the  aid 
of  coaparati vely  low-power  compensators. 
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Possibly  also  fcha  use/a pplicaci on  of  the  guadrupole  leases  with 


the  stationary  field,  in  which  a  change  of  the  average/aean  gradient 
is  conducted  analogously  with  alectroeag nets  due  to  synchronous 
rotation  [2]. 
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Fig.  1.  synchrotron  vita  tns  rotary  alactroaagnets 
chaabac/caaar a:  0  -  winding;  N  -  aagnetic  scraen. 


Ftg.  2. 
unit  of 
250  a;  : 
2,  7,  8 
6.  11, 

Pig.  3. 
protons 


Dependence  of  vertical  orbit  perturbation  *-AZ  on  length  of 
electronagnet  Lj-  1-b  -  they  correspond  to  orbit  circueference 
-12  -  correspond  to  orbit  circuaference  1500  a.  Pot  curves  1, 
-  1/1*0.15;  for  curved  3,  <*,  9,  10  -  1/1*0.25;  for  curves  5, 

2  -  i/i=0.35.  Unbroken  curve  £np  -0,4  a,  broken  -  0,3  a. 

Dependence  f  focal  lengths  of  quadrupoles  froa  energy  of 
1  -  lenses,  vhicn  focus  on  radius;  2  -  lenses,  vhich  focus 


on  vertical  line. 
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Page  2<I5. 

The  usa  of  such  leases  leans  to  tne  additional  constraint  of  vertical 
and  radial  oscillations. 

As  noted  above,  one  of  the  important  tasks,  which  appear  during 
the  creation  of  the  accelerators,  based  on  the  described  principle, 
is  the  development  of  the  da vicas/equipaent ,  which  ensure  with  the 
high  pracision/accuracy  taa  synchronous  rotation  of  a  large  nuaber  of 
eleaents/cells,  arranged/located  at  a  great  distance.  Allowance  for 
the  lack  of  synchronation  of  rotation  changes  during  the  operating 
cycla  approxiaately  is  inversely  proportional  to  energy  of 
accelerated  particles  [2].  tfith  X=7  it  conposes  in  the  beginning  of 
cycle  value  < T - 2 )  •  1 0 — and  at  the  end  of  cycle  -1<r*a. 

As  is  known,  tasks  of  this  type  in  the  principle  can  be  solved 
with  tha  aid  of  the  servo  syncnronous  electric  drive,  which  is  the 
energy  source  and  siaultaneousiy  creates  the  necessary  synchronising 
torgue,  which  appears  during  the  disagreeaent/niseatch  of  the  angles 
of  driving  eleaants.  In  application  to  the  case  in  question  when  it 
is  nacessary  to  create  the  regular  oscillations  of  aagnetic  systeas 
in  the  liaits  of  preset  angles,  saaller  2r,  the  usa  of  this  principle 
requires  the  use/application  of  drive,  calculated  not  only  for  the 
power  of  energy  losses  during  the  oscillations,  but  also  to  the 
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raactive  power,  necessary  cor  acceleration  and  braking  of 
electroaagnets  and  reducers. 

In  connaction  with  tars  it  is  of  interest  to  exaaine  the  drive, 
based  on  the  use  of  aechanicai  oscillatory  systeas. 

Pig.  4  depicts  the  diagraa  or  a  siailar  drive  with  the  pendulna. 

Bafore  beginning  operating  cycle  pendulua,  it  is  rigid  with  that 
bound  to  the  turned  electroaagnet,  it  is  deflected  to  the  initial 
angle  *0  and  is  held  in  tnis  position  with  the  aid  of  the  special 
fixers  with  elactroaagnetic  control.  At  the  noaent  of  injection  the 
systaa  starts  up  also  through  aalf -period,  after  being  deflected  in 
the  opposite  direction,  it  is  held  in  it  with  the  aid  of  the  fixers, 
with  this  aiddle  field  it  varies  froa  its  initial  value  to  aaxiaua. 
Pixation  of  electroaagnets  in  the  aaxiaua  field  nakes  it  possible  to 
carry  out  a  slow  conclusion  of  the  particles  of  any  duration. 

Tha  period  of  oscillations  of  the  systea  in  question  is 
approxiaately  equal  to 

whera  l,  a  -  length  and  aass  of  pendulua;  r  -  aoaent  of  the 


X 
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inertia  of  aLartromagnet.  Divergence  froe  the  synchronise  of  notion 
is  determined  by  differences  in  the  period  of  the  natural 
oscillations  of  separate  electromagnets,  asynchrony  of  the  beginning 
of  motion  At  and  by  difference  in  the  idle  bralcing  moments/torgues. 
Idle  braking  moments  are  caused  by  energy  losses  to  bearing  friction 
and  against  the  air  and  to  the  magnetic  reversal  of  steel  of  magnetic 
screens.  They  lead  to  daaping  of  oscillations  which  can  be 
compensated  by  the  method  or  taw  pulling  of  pendulues  with  their 
approach  to  the  end  positrons  wita  the  aid  of  the  alectroaagnets  or 
in  any  other  manner.  Estimations  show  that  with  At= 1 0“*  s  the 
use/applicatioa  of  usual  ball  bearings  and  high~alloyed  transformer 
steal  for  magnetic  screens  will  ensure  the  necessary  allowances  for 
the  displaceaent  angle.  For  the  experimental  check  of  the  effect  of 
friction  on  the  synchronism  of  the  motion  of  pendulum  drive  is 
prepared  the  model  {Fig.  5),  on  which  are  confirmed  the  astiaations 
indicated  higher  than. 

Is  given  below  the  table  of  tne  possible  parameters  of  two 
accelerators  with  the  different  energy  levels. 
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Kay:  (1).  aaxisus  energy.  (2).  Gev.  (3).  Energy  of  injection.  (4). 
daxinun  induction.  (5)  7.  (6).  tiunber  of  betatron  oscillations.  (7). 
Hu abac  of  pairs  of  quadrupole  leases  (periods)  .  (8)  .  Length  of  one 
electronagnet.  (9).  Length  of  gap/interval  between  nagnets.  (10). 
Length  of  shortened  aagnet.  (11).  Length  of  quadrupole.  (12). 

Aperture  of  lens.  (13).  Field  gradient  in  leas.  (14).  Nuaber  of  long 
gaps/intervals.  (IS)  a/ca.  (16).  Length  of  long  gaps/intervals 
(between  adjacent  quadruples)  .  (17) .  Total  nusber.  (17a) 
electroaagnet3  of  noraal  length.  (17b)  the  shortened  electroaagnets. 
(17c)  quadrupole  lenses,  (la).  Gen er a 1/c on ■ on/total  orbit 
circuaf aranca.  (19).  Aperture  of  cnanber /caaera.  (20).  Energy,  stored 
up  in  nagnetic  field  of  superconducting  coil  electronagnet.  (21) . 
Energy,  stored  up  in  field  of  leases.  (22)  J.  (23) .  Tine  of 
acceleration.  (24)  s.  (25).  Energy  gain  per  revolution.  (26)  M. 

(27).  Input  powar  of  penduius  electric  drive.  (23)  ha. 
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Discussion. 


B.  N.  Saaoilov,  will  be  such  losses  in  the  superconducting  winding 
connected  with  the  notion  windings  of  one  dipole  in  the  fi^.d  of 
another? 


How  Is  connected  pendulum  with  the  winding  and  as  it  is  solved  a 
question  with  the  heat-input  concerning  the  pendulum  and  the 
mechanical  suspensions  of  winding? 
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8.  a.  nonoszon,  Theca  are  no  coil  losses,  since  dipoles  are  spread 
froa  each  other  on  the  orbit.  Probiea  now  is  not  studied  not  in  order 
to  answer  youc  second  question. 


v.  Knayats.  Mill  ba  such  the  afreets  of  sertupole  and  octupole 
haraonics  dua  to  tha  fringing  fields  during  the  rotation  of  the 
systas  of  lagnets?  Did  estiaate  you  this  effect? 

H.  A.  Honoston.  it  is  obvious  that  the  edge  effects  will  lead  to  the 
appearance  of  haraonics,  wnica  are  changed  in  the  tine,  and  for  their 
coapensation  it  is  necessary  to  use  the  system,  supplied  by  current 
according  to  the  specific  prograa. 


A.  A.  Koloaenskiy.  what  does  give  the  basic  contribution  to  very 
close  tolerance  -1 for  the  synenronization  of  the  fluctation  of 
separate  aagnets? 


8.  A.  Honoszon.  Basic  contribution  is  connected  with  the  fact  that  at 
the  level  of  weak  vertical  field,  which  turns  particles,  there  is 
even  a  strong  field,  turned  at  angle,  let  us  say,  to  closa  ones  to 
90°.  The  saall  error  in  the  rotation  leads  to  the  large 
disturbances/perturbations.  la  connection  vith  this  in  this  systea  it 
is  not  passible  to  obtain  tais  high  value  of  the  ratio  of  Bazinas 
energy  to  the  energy  of  injection  as  in  the  usual  synchrotrons. 
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P.  A.  Vodop'yanov.  What  is  sore  preferable  at  today’s  stage  of 
development  -  synchrotron  vita  toe  variable  field  or  accelerator  with 
the  aovable  aagnets? 

M.  A.  Honoszon.  The  complexity  of  problea  requires  perforaing  wort  in 
all  directions.  Up  to  now  there  is  nowhere  virtually  yet  working  on 
alternating  current  superconducting  coil  electroaagnet  of 
considerable  volume.  Por  the  large  accelerators  are  characteristic 
large  coil  currents;  therefore  there  is  a  problea  of  current  inlets. 
Since  energy  density  is  proportional  H2,  then  during  the  use  of  large 
fields  appears  the  problea  of  the  creation  of  powerf ul/thick 
power-supply  systea.  In  the  systea  with  moving  aagnets  this  question 
is  removed/taken. 

A.  I.  Ozargach.  In  this  systea  is  unavoidable  the  transition  froa  the 
aotionless  container  with  liquid  helium  to  the  aovable.  Hill  not 
aixing  helium  lead  it  to  the  heating? 

M.  A.  Honoszon.  He  did  not  carry  out  investigations  on  the  effect  of 
the  displacement  of  reservoirs,  but  mixing  during  the  fluctation  will 
be  liaited. 
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79.  Developaents  for  tfce  cryogenics  and  the  superconducting  coil 
elect rose gnets. 

F.  Ar9ndt ,  Kh.  Brekhn,  I.  Tern,  X.  Fessler,  G.  Khartvig,  V.  Khaynts, 
K.  P.  Tungst ,  V.  naurei,  G.  aerie,  G.  Bis,  V.  Shauyer,  I.  Von. 
Schaewin,  P.  Tichovski,  1.  Ultricht. 

(Institute  of  experimental  nuclear  physics,  PEG). 

1.  Introduction. 

Those  superconducting  ace  aagnetic  pulse  current  they  acquire 
laportant  value  for  the  future  accelerators  (prctcn  syncbrotrcns) . 

The  aagnets  of  direct  current  give  the  possibility  to  create  short 
channels  for  the  rapidly  deccapcsicg  particles,  the  shielding  and 
foraing  aagnetic  fields,  which  detect  de vices/equipaent ,  aagcets  with 
the  large  solid  angle  are  aagnetic,  tbe  powerful/thick  fields  created 
in  the  large  voluaes.  The  ccst/value  cf  the  cperaticn  of  large 
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experimental  aagnets  of  direct  current  substantially  descends  in  the 
comparison  with  the  usual  aagaata,  which  have  water  cooling  and  iron 
aagnetic  circuit. 

The  econoaical  gecezaticn  c t  the  strong  aagnetic  fields  (>  5  T) 
in  tha  superconducting  pulse  dipci#  aagnets  Bakes  it  possible  to 
decrease  a  radius  of  synchrctxcr  approximately  3-9  tines  in  the 
coaparison  with  the  usual  accelerators,  which  gives  the  considerable 
savings  of  capital  inveataents  tc  the  buildings,  the  tunnels,  the 
experiaental  halls,  etc. 

The  superconducting  proton  synchrotrons  tc  the  high  energies  are 
■ore  coepact,  and,  possibly,  less  expensive  than  usual  accelerators. 
This  in  particular  is  ccrrect  icx  the  acceleratccs  with  the  highest 
energy  at  the  low  repetition  freguencies  and  during  the  cycles  of 
acceleration  with  the  prclcaged  ilat/plate  apex/vertex. 

Before  applying  tfcis  new  technology  in  such  large  installation 
as  proton  synchrotron,  it  is  necessary  tc  ccnduct  vast  works  on 
rescluticn  of  the  basic  prcbleas,  connected  with  the  superconducting 
devices/eguipaent;  will  ba  examined  below  only  scae  of  thea;  the 
hysteresis  losses  in  the  superconductors,  the  phcnoaena,  which  appear 
during  tha  ceding,  field  distribution  and  reproducibility  of  field, 
characteristic  and  fatigue  cf  aateclala,  radiation  questions. 
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accumulation  and  distribution  of  the  large  aagnetic  energy  (ty 
approxiaately  order  it  i£  higher  than  in  the  cca parable  usual 
devices/e gui paent) ,  work  with  the  large  volutes  of  liquid  heliua, 
which  is  found  in  the  diverse  containers,  the  coupler  cf  actions  for 
safety  and  control  system  and,  etc.  In  this  article  are  described 
works,  carried  out  on  the  superconducting  and  cryogenic  aagnets  in 
the  institute  of  experiaental  nuclear  physics  -  center  of  nuclear 
research  in  Karlsruhe,  target  of  which  was  the  use  cf  superconducting 
pulse  aagnets  on  the  phase  ci  the  transf craaticn  of  large  (3CC  GeV) 
European  accelerator  (C18H  11).  Ecring  the  use  cf  coafcination  of  the 
superconducting  and  usual  aagnets  the  present  project  of  accelerator 
ea  300  Get  decoapew*  to  two  stages  of  construction.  Curing  the  first 
stage  will  be  completed  the  circular  tunnel  with  a  radius  of  1100  a. 
In  order  to  obtain  energy  ICC  G«?  in  the  accelerator  with  the  divided 
functions,  will  be  estailxsned/iaetalled  only  the  focusing  aagnets 
and  the  part  of  all  necessary  dipole  aagnets.  Between  two  deflecting 
sagnets  is  left  the  gap/  interval  U  ■  (Pig.  1),  which  it  is  possible 
to  establish/install  new  aagnets.  Curing  the  first  stage  of 
construction  (about  3*4  years  after  beginnirg)  it  will  becoae 
clearly,  sufficiently  they  acveo  research  weeks  on  the  pulse 
superconducting  coil  electrcaagnets  so  that  it  would  be  possible  tc 
establish/install  the  su perccnducting  coil  electrcaagnets  intc  these 
gaps/intervals.  It  is  considered  it  real  to  raise  energy  of 
accelerator  to  6C0  Get.  The  second  stage  enccapasaes  the  alteration 
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cf  all  usual  aagnets  tc  those  superconducting.  Sagnet  openings  are 
deterained  by  the  regciresents  cl  injection  acd  by  a  structure  of 
accelerator  on  300  GeV;  as  tbs  injector  is  utilized  the  existing 
preton  synchrotron  of  CifiN.  The  ccnstruc tion/design  of  accelerator 
encoapasses  the  systaa  cf  the  fccusing  and  detccusing  aagnets  of  108 
blocks,  the  structure  ICLO,  6  large  straight  sections  by  value  Q27, 

75  in  both  transverse  directicns.  necessary  aperture  of  beaa  is  10.2 
cm  in  tlie  horizontal  and  4  ca  in  the  vertical  direction. 

It  is  necessary  tc  test  aagnets  in  systea  (after  their 
individual  testing),  which  ccnsists,  let  us  say,  froa  the  half-period 
cf  synchrotron  C8BS  £1,  cr  on  the  aodel  cf  accelerator  with  the 
energy  of  particles  in  the  range  GeV.  This  systea  of  aagnets  aust 
satisfy  the  following  conditions; 

1.  Nagnets  aust  have  the  size/diaension  cf  aperture  rise  tiae  cf 
field  and  duration  of  the  flat/ {lane  apex/vertex,  ccapared  with 
appropriate  data  of  the  real  aagnets  cf  accelerator  CEBN  II. 

2.  For  systeaatic  study  cf  effects  cf  nonlinearity 
(edge/boundary  of  field,  divergences  cf  fields  in  different  aagnets, 
aberrations,  etc.)  siaclating  systea  aust  be  sufficiently  flexible  so 
that  it  would  be  possible  tc  bring  about  a  change.  The  effect  of 
different  allowances  can  oe  investigated,  changing  the  parameters  cf 
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lean  independent  of  ctfcer  erzcrs  and  obtaining  the  appropriate 
corrections. 

3.  Final  energy  of  nodal  of  accelerator  eust  be  found  in  the 
range  several  GeV.  Systcn  asst  is  suitable  fcr  the  interesting 
experisents  on  the  high  energies#  such#  as  the  acceleration  of 


deuterons 
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Fig.  1.  Diagraa  of  the  structure  cf  accelerator  (CEBU  £1)  with  the 
superconducting  coil  electee  eagaets. 

Key:  (1).  Serial  eagnet.  (2).  superconducting  coil  electroaagnets. 

(3)  .  trajectory  of  beat  wit Gev. 

Page  248. 

The  aagnets,  created  rot  the  aodel  cf  accelerator*  will  have 
coaioal  length  of  apprcxiaately  cue  or  two  eaters,  one  of  the  aost 
iaportaat  tasks  will  be  the  asscciation  of  several  eagneta  in  such  a 
way*  that  would  be  obtained  the  lcag  blocks  (6-7  a)  without 
deterioration  of  the  properties  cf  beaa. 

II.  Survey/coverage  cf  achieveaeata  and  tasks. 

At  the  present  stage  ot  the  developaents  of  the  superconducting 
coil  electroaagnets  it  is  possible  to  begin  the  creaticn  of  larger 
aagnet  systea  in  order  tc  acceaelate  experisent,  necessary  for  the 
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construction  of  the  large  accelerator,  such  as  CEBH  II.  is  brief If 
described  below  the  vide  circle  cf  the  ptobleis,  confronting 
developers  of  aagnet. 

1.  Slow  conclusicn/cutput  and  necessary  fez  precision/accuracy 
fields  of  sagnets.  Slew  beaa  extraction  vith  the  use  of  a  resonance 
net hod  is  feasible  only  in  the  case  of  substantially  linear  field 
distribution  in  the  ring  of  basic  aagnet.  This  aeans  that  for  the 
projected/designed  European  accelerator  on  3GC  Gev  the  relative  error 
for  field  s*ab/b  in  the  xedian  place  (extent  4...  5  c>)  aust  be  less 
1. 5x10""*.  This  is  reflected  is  Fig.  2a  and  2b  of  those  shewing  radial 
phase  plane  along  the  axinoth  of  the  location  of  septus  in  one  of  the 
structures  of  aagnet  is  gnesticr.  Graphs/curves  are  obtained  as  e 
result  of  aiscounting  cn  computers  [ 1  ]  of  the  passage  of  four 
particles  through  each  eieaent  cf  ring  and  fixation  of  their 
coordinates  after  each  revclutxct.  In  the  case  cf  the  resonance  of 
the  third  order  the  reference  cccrdinates  are  located  near  the  origin 
cf  the  coordinates  of  phase  plane.  The  error  fer  field  is  less 
I.SxlO*-*,  caused  fay  the  sextnpcle  cceponent  (Fig.  2b)  in  the 
deflecting  aagneta,  it  cces  not  substantially  affect  the  process  of 
conclusion/output,  bn  increase  Is  che  error  for  field  up  tc  2.5  10~J 
(fig.  2b)  retains  full/tctal/coaplete  stability,  particles  roaain 
within  the  Units  of  tte  acceptance,  which  cczres ponds  to  the 
position  of  septus  in  3  ca  fees  the  closed  orbit,  and  therefere  they 
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cannot  be  satisfactory  brought  cut.  The  highest  aultipole  cosponents 
in  fisld  expansion,  which  give  the  sane  errcx  fcr  field,  are  less 
essential  than  sextnpole  text  £2].  In  the  case  cf  the  introdection  to 
correction  of  the  closed  orbit  tie  change  in  the  value  of  field  fres 
cne  aagnet  to  the  next,  equal  tc  Q.5x10~3,  can  he  admissibly  froa  the 
point  of  view  of  ccnclcaicn/cot put  and  shift  cf  erbit. 

Unconditionally  this  is  planned. 

2.  Joule  lasses  and  properties  of  conductors,  one  of  the  targets 
of  use/application  cryogenic  c r  superconducting  accelerator  is  a 
reduction  in  the  losses.  They  appear  in  the  superconductors,  in  the 
supports/bases  of  superconductors,  in  aetal  construction  (if  the  sane 
are)  and  in  the  netallic  Cavers.  The  aagnets  cf  the  prototype  of 
synchrotron  ace  designed  for  the  work  in  the  streng  fields 
(ncainally,  let  us  say,  e-5  T) .  Losses  in  the  ccaposita/coapcund 
conductors  are  predicted  by  theory  correct  within  error  liaits  for 
aeasureaents  up  to  the  diaaeters  cf  10  yn.  achieved  the  essential 
successes  in  tao  different  areas;  Joule  losses  can  be  lowered  by  the 
aethod  of  the  creation  cf  thin-ccre  twisted  ccaposite/coapound 
conductors,  and  the  current  density  of  superconductors  can  be 
substantially  with  the  values,  acbiaved/reacbed  several  yeere  ago. 

The  dependences  of  critical  current  of  short  conductors  on  the 
applied  field,  perpendicular  tc  ccnductor,  fcr  the  na?ority  cf  those 
produced  by  industry  -  conductors  are  given  in  Pig.  3.  Is  et 
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present  attained  the  genexal/cosaen/total  currant  density  of  coil 
about  2.5x10*  h/m*  in  tb«  field  5  1.  With  such  data  the  duty  factor 
cf  coil  is  approxiaatel j  0.25,  bhich  is  connected  with  the 
construction/design  cf  ccolisg  channels  and  cable. 
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Fig.  2.  Pitas*  plans  for  tbs  first  ssptaa  (S  -  valua  of  ssptaa)  a) 
'*1.5*10-3;  b)  S*2. 5*10'*. 

Key:  (1).  rad. 

Fags  249. 

Caring  ths  sxcitation  cf  ceil  ct  conductor  af facts  tha  coaaidarabla 
lorsntz  fores,  which  urdar  tha  conditions  of  tha  absancs  of  support 
and  rainforcaasnt  substantially  axcasds  th*  lisit  of  ths  strangth  of 
saparconductoc.  Sara  isvastigatad  two  aathods  of  fixation  of  coil: 
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the  reinforcement  of  cctductox  tilth  the  aid  of  the  structural  support 
and  the  iepregnaticn  cl  coll  hit!  appropriate  resins.  Experiments 
Kith  the  saturated  ceils  of  flow  it  did  not  teccae  satisfactcry 
results  as  a  result  of  the  acoccafcrsity  of  the  coefficients  of  the 
thermal  expansion  of  ccaposite/ccipound  conductor  acd  resin. 

Conductor  is  subjected  tc  aging/tiaining  and  deterioration  of 
properties  in  the  course  of  tise. 

The  aeasureaents  cf  neat  transfer  in  the  uptakes,  lowered  in 
heliua,  fcy  the  length  cf  0.4  a  ard  in  height  cf  clearance  1.C,  1.5, 
2.0  os  with  the  width  cf  40  aa  caae  to  1  ight/detected/exposed 
transition  froa  the  node!  fexaing  to  the  file  boiling  with 
df*0. 3-0.4 «K,  while  tte  coxreapcrding  heat  flaxes  lay/rested  in  the 
range  0.12-0.17  w/ca*.  The  thecaal  conductivity  of  the 
superconducting  coils,  impregnated  with  epoxy  resin,  perpendicular  to 
cheeks  coaposed  2x 1 0“ 3  i/c*4  °K  at  a  tesperatexe  4. S°K.  flith  such 
data  the  height  of  the  separate  saturated  sections  was  selected  as 
being  equal  to  0.5  ca  sc  that  the  increase  in  the  temperature  in  cne 
section  would  coaprise  akcut  0. 1*k  or  lass.  Thus,  section  with  the 
highest  tesperature  in  tie  saturated  coils  will  have  a  teaperature  by 
C. 4-0. 5°K  higher  than  is  the  volusa.  Under  such  conditions  in  the 
aagsets,  which  use  ccndcctcxs  with  the  filasccts  10  ».a,  is  attained 
the  build-up  of  the  field  of  1.8  7/a.  The  at  present  saturated  coils 
are  acre  preferable  that  the  xsisforced  unlipregnated  ones. 
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3.  Losses  of  altercating  currant  in  eztsriccs  cf  Magnet,  with  a 
change  in  the  aagnetic  field  with  the  discussed  speeds  (ST/3  s  for 
the  filasents  10  pa)  ir  all  "inactive"  aetallic  parts  occur  Jcule 
losses,  aozeover  such  parts  can  he  accessories,  supporting 
structures,  aetallic  bandings,  else,  in  particular  the  Dewars,  Soae 
structural  parts  aust  be  aade  fxca  the  high-strength  aetals,  in 
particular,  aade  cf  the  rcnaagnetic  stainless  steel  in  which  can 
cccur  the  eddy  current  lessee,  although  specific  resistance  cf 
stainless  steel  with  reduction  cf  teaperature  frea  300  to  4.2®K 
decreases  only  twice,  the  total  induced  losses  art  sufficiently 
great,  and  eust  be  considered  that.  The  seasores  adopted  consist  in 
the  exception/eliainatica,  if  it  is  possible,  all  pacts  frea  the 
high-strength  aetals  beth  ths  use  of  strips/files  fees  unidirectional 
glass-theraosetting  resic  (aesihard)  and  ths  use/ap plication  of 
high-strength  nonaetnllic  structural  antsrials. 

The  preliaiaary  design  ot  Cewar  of  coil  is  boa  type 
constcuction/design,  ir  which  tbs  forcss  between  coil  and  target  of 
closing/shorting  flow  (ixen  fxaaewcrk)  are  received  by  the  flanges, 
arranged/located  on  the  enda/leads  of  the  separata  sections  of  Dewar. 
Glass-epoxy  Dewar  aust  have  the  iapenetrabls  cladding,  which 
prevents,  or  de-gassing  cf  apery  resin  into  the  vacuus  specs. 
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4.  Study  of  irradiation.  The  superconducting  coil  electreaagnet 
undergoes  the  effect  of  cadastres  for  a  ouster  cf  reasons: 

a)  displaceaent  cf  tease; 

b)  the  generation  cf  secondary  particles  near  the  slots  cr  the 
colli sate rs. 

The  effect  of  irraaiaticn  and  characteristic  of  aagnets  with  the 
continuous  operation  they  axe  of  ccnsidezable  icterest  and  they  are 
at  present  investigated  ty  the  aethod  of  irradiating  the  saall  ceils 
ty  deuterons  with  the  energy  SO  Be V  with  4-5° F. 

The  effect  of  electronic,  neutron,  proton  and  deuteron  radiation 

on  characteristic  ia-sc  cf  second  type  superconductors,  such  as  BBTi 

and  BB3sn,  is  studied  ty  several  cesearcbers  [3*7].  During 

irradiation  descend  tc  ard  Hc .  changes;  however,  a  precise  forecast 

of  changes  3C  is  difficult.  In  scae  aatezials,  such  as  the  diffuse 

files  NB3Sn,  the  density  of  critical  current  increases  approxiaately 

six  tines  during  irradiation  by  pretons  with  the  energy  3  Bet.  In 
f? An  ivc  riust,  >n  3c  daPandiia  O*  "He  rnJifbi on  &o$C 
NBTi  the  density  of  critical  current  even  descends* A it  does  set  occur 

unifora  all  ovnr  coil,  tut  it  is  tbs  lccsl  pbcnctencn.  Charactaristic 
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3c~ 8C  Qf  conductor  changes  la  tba  local  region,  sc  that  it  coses 
into  sore  brittle  or,  i«  sera  Exccj.se,  acre  sensitive  to  "flux  jusps" 
cf  state.  Teaporary/tixe  external  cr  internal 

disturbancas/perturbaticcs  can  give  rise  to  cf  "ncraal"  zone,  since 
the  support/base  is  else  subjected  to  the  effect  of  radiation  [8]. 

The  weakest  coupling  link  in  the  ceil  -  interturn  insulation  in 
particular  if  for  the  lapregaaticn  of  coils  ace  utilized  organic 
■aterials.  "nornal"  zctc  can  lead  to  the  short  circuit  between  the 
turns  (due  to  the  charring  of  insuiation/isclaticn) ,  the  shift  of 
energy  distribution  according  tc  the  coil  and  finally  to  the 
destruction  of  aagnet.  It  lew  reaperatures  the  behavior  of  organic 
insulation  sonewbat  is  iapeeved  £9];  however,  this  it  is  insufficient 
for  the  guarantee  of  the  reliable  operation  cf  filaaents  during  the 
existing  constructions/cesigns,  if  we  do  not  endertake  preventive 
aeasures  and  not  to  create  new  systeas. 

5.  Distance,  passed  by  reverse  aagnetic.  by  flew.  The  location 
cf  iron  fcanework  on  tie  ceil,  its  fora  and  effect  on  field 
distribution  is  very  iapertant  toe  the  work  cf  aagnet.  iron  fraaework 
can  be  placed  in  iaaediate  pxoxiaity  of  the  ceil  and  it  aust  be 
cooled  to  the  teaperatuzc  of  ligsid  heliua.  Theoretical  studies  shew 
that  in  this  case  the  ccrtributicn  in  the  field,  connected  with  the 
iren,  is  aaziaua,  and  the  screening  of  field  is  effective;  hewever, 
if  the  fora  of  fraaework  is  selected  incorrectly,  occurs  the 
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distortion  of  field  in  working  aperture  [10].  The  advantages  of  this 
solution  consist  in  the  fact  that  to  Dewar  arc  net  transferred  the 
forces  as  a  result  of  the  relative  attitede  ci  ceil  and  fraaework,  or 
in  the  fact  that  Dewar  can  ne  prepared  in  essence  froe  the 
nonaagnetic  stainless  steel  whan  cnly  the  part  cf  aagnet  opening  aust 
ke  aade  either  froa  the  ballets  kith  the  lew  lesses  cf  altercating 
current  or  frea  nonaetallic  falaaentary  structure.  A  deficiency/lack 
in  this  diagraa  consists  of  the  large  consuaption  of  heliua  fez  the 
cooling  and  the  icon  lesses  due  tc  hysteresis  and  eddy  currents  which 
are  suaaarized  with  the  losses  in  the  superconducting  coil  on 
alternating  current*  and  they  acst  be  coapensated  by  the  cooling 
■ediua. 

If  iron  fraaework  is  arranged  around  Dewar,  the  contribution  in 
the  field  due  to  the  ircr  is  si«U,  the  forces,  caused  by  the 
eccentric  location  of  ceil  and  iren  fraaework  and  transferred  to 
Dewar,  they  can  becoae  considerable;  however,  descends  the  effect  of 
iron  on  distortion  of  field.  Itae  lesses  cf  alternating  current  in  the 
iren  at  a  rooa  teaperatuxe  are  cnessential.  At  present  in  Karlsruhe 
are  investigated  both  sciaticas.  Iron  near  the  ceil  is  applied  in  the 
dipole  froa  high-purity  alueinua,  whereas  iren  around  Dewar  is 
planned/glided  te  apply  in  the  scperccnductlng  dipole  aagnet. 
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6.  Cryogenic  aagnets.  Strips/filas  fro*  high-parity  alusinua 
possess  low  losses  and  can  ts  o f  interest  for  the  use/application  in 
low-frequency  cryogenic  xagnets  [11],  and  alsc  as  the  supports/bases 
for  the  aalti-f ifarcus  superconductors,  the  current  busbars/tires  and 
ether  crycgenic  uses/applications.  Are  especially  interesting  losses 
at  a  temperature  of  ligeid  hydrecer;  aluiinua  strips/filas  with  the 
coefficient  of  residua 1/xeaaaeot  specific  resistance  8SB*!0*  in  the 
strips/filas  (8 8H*p  (3 C C ® K)  /p  (4.i°R)  are  discharged  by  industry  and 
are  utilized  in  Raxlsxche  in  the  dipole  coil  with  a  length  of  0.4  a. 
Although  the  aeasureaents  cf  reluctance  at  a  teapexatuxe  of  liquid 
hydrogen  case  to  light/dctected/exposed,  that  the  leases  of 
alternating  current  in  the  ceil  by  appro xiaataly  erdar  of  aagnituda 
are  higher  than  in  the  ccaparatle  superconducting  ceils  at  a 
teaperature  of  4.2°K,  the  usa/a (plication  of  aluainua  strips/filas 
can  be  very  expediently  ex  frequencies  when  lessee  is  the 
superconductors  becoae  excessive. 

ill.  Those  superconducting  are  eegnetic. 

At  present  test  tec  types  cf  aagnets: 


a)  the  superconducting  dipcle  aagnets  of  alternating  current; 
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b)  the  superconducting  guadrupole  aagnets  cf  direct  current. 

Are  given  below  scsa  nest  iepcrtant  the  results  c£  tests  in  tec 
directions  indicated. 

1.  Superconducting  dipclo  eagnets  of  altercating  current.  For 
the  purpose  of  the  ccnstxucticn  cf  the  pulse  superconducting  coil 
electroaagnet  of  accelerator  wera  carried  out  the  series  of 
preliainary  tests  with  the  ceils  of  different  sizes/dieensious  with 
the  accuaulated  energy  cf  field  to  2  kJ.  In  parallel  to  the 
experiaents,  conducted  on  the  nultiple  ccnpcsite/coepound  conductors, 
are  aada  theoretical  atndies  ca  the  losses  cf  alternating  current  in 
the  superconductors. 

During  the  theoretical  derivation  of  the  Magnitude  of  losses  of 
alternating  current  in  the  Magnet  was  used  the  acdel  of  critical 
state  of  Bins.  fith  the  aid  cf  the  prograa  cf  the  coaputers  losses  of 
alternating  current  in  the  ceil  were  obtained  by  the  aethod  cf 
subdivision  of  voluae  cl  coil  tc  a  large  nuaber  cf  the  trace 
eleaents,  for  each  of  which  affected  stationary  field.  Taking  into 
account  the  addition  cf  losses  ires  the  eddy  currents  in  the 
support/base  theoretical  valuss  till  agree  with  the  experinental  data 
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vith  precision/accurac j  20o/o  up  tc  the  thread  diaaeters  13  j.a  [12]. 

In  accordance  with  the  selected  type  NET!  dependence  3C-B  (ce 
fig.  3)  was  assneed  to  te  linear,  hyperfcclic  ci  expcnential.  Pig.  4 
gives  the  calculated  leases  for  the  diol  aagnet  with  a  length  of  1  e 
and  field  S  T  (aperture  8x11  ca).  losses  to  the  cycle  are  given  in 
the  dependence  on-  30 B0 cL ,  vhere  3o  and  &a  ~  characteristic  the 
Faraaeters  of  relationship/ratic  3(8),  and  d  -  diaaeter  of  separate 
filaaent  [13]. 

Dotted  lines  show  the  dependence  of  current  density  on  3t8„d  in 
the  superconductor  for  different  thread  disasters,  under  the 
assuaption  that  for  the  field  5  T  attains  the  critical  value  cf  the 
current  of  short  sasple/apeciaen  in  the  filaaent. 

I 

1 


f 

i 

i  ; 
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Fig.  4.  Hysteresis  lessee  ca  altercating  current  for  the 
super conducting  dipole  kith  a  length  of  1  a. 


Key:  (1).  J/cycle.  (2).  j i.  (3).  A •■!/■. 


Cage  251. 


k  reduction  in  the  losses  cf  alternating  current  as  a  result  of 
an  increase  in  the  cur  test  density  is  insignificant.  However,  an 
increase  of  the  general/cosaca/t ctal  current  density  in  the  ceil  to 
the  possible  attainable  Unit  unconditionally  decreases  a  quantity  cf 
that  required  for  the  aagnet  cf  the  conducting  naterial,  decreases 
the  overall  sizes  of  ceil  and  decreases  the  accusulatsd  energy  of 
field.  The  preliainary  project  of  the  supercond acting  dipole  nagnet 
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is  given  in  Fig.  5.  working  aagnet  opening  is  cooled.  The  aperture  of 
Minding  is  8x11  ca,  acr sever  arcane  Dewar  is  arranged/located  the 
iron  fraaework  with  an  icternal  disaster  of  4C  ca;  it  is  assaaed  that 
in  this  case  Dewar  is  iade  cn  the  glass-epoxy  basis.  Cross  section 
coils  approxiaate  two  intersecting  ellipses,  the  actual 
device/equipaent  cf  coil  and  the  sizes/diaensiens  of  separate 
sections  are  obtained  as  a  result  cf  aiscalculation  cf  pcograa  on  the 
coaputer.  which  optiaized  each  eleeent/cell  cn  the  criterion  cf  the 
ainiaua  error  for  field  with  a  given  Quaker  cf  sections. 

Calculations  show  that  for  the  depicted  aagnet  the  field 

nonuaiforaity  in  the  liaits  of  broken  saall  circle  (d^ca)  ccaprises 

hB/B*2xiO~*.  The  relative  error  tor  field,  introduced  by  the 

displaceaent  of  washer  cn  0.1  aa  in  the  horizcntal  direction,  is 

approxiaately  6x10"*.  which  by  itself  superiapeses  severe  limitations 

cn  the  allowances  of  coil,  the  precision/accuracy  of  coil/winding. 

and  also  the  precisios/accuracy  of  the  support  cf  coil.  The 

aagnetoaechanical  forces,  which  affect  the  cccductoc  of  dipole  by 

length  la.  are  approxiaately  9x1C*  kg  and  therefore  in  order  for 

the  conductor  not  to  move  impregration  with  appropriate  thermal- 
reactive  resins  is  necessary. 

Bain  problaa  at  preaent  cc a poses  selecticn  of  corresponding 
resins,  which  coincide  is  tha  ccafficiest  of  tberaal  expansion  with 
the  conductor.  The  constructics/design  of  the  support  of  coil 
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consists  in  essence  of  ncaaetaliic  high-strength  bendings  and 
stzips/filas  of  glass  clcth  and  epcxy  resin. 


Pig.  5  shoes  the  devica/eguipaent  of  winding  with  the  tangential 
channels  for  the  cooling,  with  khich  can  arisa  the  specific  pcoblens 
«ith  the  cooling.  In  Pig.  6  represented  yes-nc  decision  with  the 
uptakes,  which  gives  gccd  values  of  heat  transfer. 
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Fig.  6.  Calculated  on  the  coaputecs  configuration  of  the  dipcle, 
which  ensures  fields  5,  261  at  the  current  decslty  50  kA/ca*. 

Kzy-  0).  Xnj.de  pQ,r'f?hery. 

Fage  252. 

Calculation  on  the  coaputecs  the  uniforaity  of  field  in  the  circle 
with  a  disaster  of  6  ca  is  ccapared  aith  the  values,  obtained  in  Pig. 
5.  Huch  attention  is  specific  tc  the  outputs  cf  the  coils  which 
substantially  affect  the  uniicoitj  of  field.  If  the  outputs  cf  coil 
are  angled  at  90°  to  the  lcngitadinal  axis,  straight/direct  (parallel 
to  longitudinal  axis)  sections  have  equal  length,  the  integral  of 
field  (Jane)  on  the  working  specters  of  coil  will  be  constant. 


For  studying  aetheds  of  ccil/vinding  and  beraetic 


DCC  *  80069219 


Fit* 


sealiag/pcessurizaticn/scaling  is  prepared  the  scries  of  test  dipole 
windings.  flas  created  foil-scale  acdel  frea  ccpper  (by  the  overall 
length  of  1  a) ,  analogccs  to  davica/equipaent  in  Fig.  5,  target  of 
which  was  the  study  cf  peeasoraef  the  allowances  cf  coil  for  field 
distribution.  During  tte  use  of  square  isolated/insulated  conductors 
frea  solid  copper  of  the  fluctuaticn  of  the  thickness  of  separate 
sections  did  not  exceed  «-70  pa. 

Due  to  different  acchanical  properties  cf  ccnpcsite/coapcund 
superconductors  and  copper,  acd  also  for  obtaining  the  close 
tolerances,  at  present  is  aade  the  series  of  sections  froa  the 
coaposite/coapound  aultiple  superconductors,  saturated  with 
corresponding  theraosetting  resits. 

X’ 

.Superconducting  quadra pcle  cf  direct  current, 
d 

For  the  investigation  of  characteristics  of  the  large 
superconducting  coil  elcctxcaagnet  for  the  channel  cf  the 
transportation  of  bean  and  for  ottaining  data  on  the  optical 
properties  (first  and  second  order)  to  the  shert-tere  and  long-ters 
behavior  of  coil  was  dtvelopsd  and  constructed  [14]  the  guedrupole 
with  a  length  of  1  a  with  the  utcccled  internal  epeaing/apertore 
(  e  12  ca) .  Coils  coiled  by  strip/fils  HBssn  with  a  width  of  1.5  ca 
and  with  a  thickness  of  C. IS  aa#  plated  froa  both  sides  by  the  copper 
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bands  with  a  thickness  of  0*05  c».  Conductor  they  cooled  on  the 
edges* 


Hagnet  placed  horiacatally  into  Dewar,  which  has  static  losses 
cf  the  heat  (aagnet  anc  Dewar;  cf  £.3  1/fc,  whereas  tctal  losses  with 
excited  Magnet  comprised  6.2  1/h  of  heliua. 


During  cooling  of  qcadrcpcle  was  supplied  liquid  nitrogen  for 
cooling  of  aagnet  and  its  exterral  parts  dcwn  tc  ~80°K.  Within  the 
coding  ties,  which  was  2  hours,  were  used  approximately  110  1  of 
liquid  nitrogen,  the  gradual  evaporation  of  liquid  nitrogen  end  final 
evacuation  are  carried  cct  in  1.5  hours.  The  teaperature  of  nagnet 
comprised  in  this  case  about  1QQ*K.  Cooling  dcwn  to  4.2°R  and  filling 
cf  he linn  container  arc  carried  out  in  2.5  hears  with  the  flew  rate 
of  220  1  of  liquid  heliua.  Tic  weight  of  all  ceded  parts  was  about 
220  kg.  Heliua  container  acccecdates  60  1  of  liquid  heliun. 


when  nagnet  was  excited,  they  will  achieve  critical  current  990 
E,  which  corresponds  tc  the  field  gradient  cf  37.2  T/w,  whereas 
calculated  value  was  13CC  1,  entering  50  T/a.  with  the  calculated 
current  the  field  in  ccaductcr  wculd  be  3. 9  T  (here  cf  coil  is  15.5 


In  Fig.  7  data  of  elort  saeple/speciaen  fer  HBjSn  is  given  in 
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the  shaded  region,  whereas  measured  critical  currants  lia/rast 
considerably  lower  that  the  expected  values  fer  the  short 
saaple/speciaen. 

Coil  has  a  good  support  and  hardly  it  is  possible  to  expect  that 
the  displaceaents  of  conductor  car  cause  pre astute  transition  into 
the  noraal  state,  which  testifies  about  the  degradation  of  conductor. 
Op  to  now  it  was  not  observed  the  phenoaena  cf  aging/training. 

It  is  not  possible  to  definitely  indicate  the  reasons  for  the 
smaller  value  of  the  aeaauxed  gradient.  The  unstable  work  of 
conductor  can  be  also  cacscd  by  the  poor  characteristics  of  the  heat 
transfer  of  coil.  Twc-  and  thcee~diseasicnal  calculation  of  field 
caae  to  light/detected/exposed  the  component  2.7  T  of  field  with  990 
A,  perpendicular  to  width  mb3Sc  cf  belt  in  the  region  between  the 
adjacent  poles  at  the  eods/lcads  of  the  coil.  In  the  fields  it  is 
above  2  T,  perpendicular  to  the  vidth  of  belt,  belt  froa  NEjSn 
becoaes  unstable  [ 15,  16].  The  field  gradient,  aeasured  in  the  radial 
direction,  is  constant  is  the  region  of  aperture  of  the  uncocled 
aagnet  with  an  accuracy  to  10" *• 

Field  measurements  along  the  longitudinal  axis  of  guadrupole 
revealed  periodic  chances  in  the  field  AB/B*2x1<T»  Fig.  8a,  b).  The 
distance  between  the  aaxiaua  divergences  OB/E  corresponds  to  the 
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location  of  acaature  aad«  of  taa  stainless  steal,  which  is  located 
with  tha  gaps/intervals  6.5  ca.  lie  errez  for  field  can  be  caused  by 
local  distortion  of  coil;  however,  it  it  is  possible  to  also  carry 
due  to  tha  specific  far zcaagnetic  austenitic  behavior  cf  the  stressed 
stainless  steel  at  a  temperature  cl  4.2°K  [17]. 

iv.  cryogenic  aa gnats. 

one  of  the  aaterials  whica  today  have  the  best  cryogenic 
characteristics  for  the  cse  in  the  aagnets,  is  aluainua.  During  the 
use  of  such  technological  processes  as  elect relysis  and  zone 
improvement,  it  is  possible  to  ettain  the  ccefficient  cf  end 
resistance  on  the  order  cf  scvaral  ten  thousards.  it  is  possible  to 
obtain  ccpper  of  the  saae  frequency  as  aluainua;  however,  its 
•agnetic  resistance  gxcws/rises  with  the  field  linearly,  whereas  in 
the  high  aagnetic  fields  in  elctinue  observed  the  effects  of 
saturation. 

Xn  the  process  of  studying  the  applicability  of  conductcrs  free 
11  in  the  pulse  cryogeric  aegnet  were  carried  cut  the  aeasureaents  of 
the  behavicr  of  specific  resistance  in  the  snail  wound  by  belt 
(12x0.3  an*)  sections  with  an  internal  and  cuter  diaaeter  of  with 
respect  4  and  12  ca.  Belts  were  insulated  by  foil  Khcstafan*. 
f octnotb  ».  Khostafan  -  trade  asm  of  foil  frea  the  polyethylene 
terephthalate  of  fira  "Kalla-  AG".  ENDFCCTNC1Z. 


DOC  *  80069219 


PACE  /010 


Fig.  7.  Characteristic*  cf  tha  developed  in  Karlsruhe  quadrupcle  in 
diaaeter  12  ci. 


Key:  (1).  Value  for  the  short  sasple/spaciaen.  (2).  Load  line.  (3). 
Cuadrupole  in  experiaental  cryostat.  (4) .  Ccapletely  installed 
quadrupole.  (5).  Line.  |6).  Estisation  fer  ccaplately  installed 
quadrupole.  (7).  current*  (flj.  tagnetic  field.  (9).  al. 


Page  253. 


Kith  this  conf igaraticr  the  aeaanreaents  were  carried  out  fox  the 
diverse  belts  in  the  rence  cf  residual  resistances  1600^  R  8 -R o6*«»mhw# 
1700  at  teeperatures  4.2  and  ?cr  the  high-purity  belts  with 

thickness  d*0.3  as  the  size  effect  is  evident.  Correction  of  size 
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effect  foe  completely  citrus*  serf ace/skin  scattering  (p=0)  it  is 


calculated  according  tc  the  theory  Sondheieer  [18] 


a  _a  9>(A/g,p) 

^nSbeMHbiu  d/6 


(I) 


During  the  calculations  tor  the  aean  free  path  cf  electrons  1  was 
utilized  the  averaged  cs  several  experiments  value  p  volueetric  of 
1=7x10'"’**  oha  cs2.  Integral  #  (d/1,  r)  is  obtained  free  the  numerical 
calculations  of  Dvorak,  etc.  £19].  Kith  such  cuaerals  the  coefficient 
cf  residua  1/reeanent  specific  resistance  R  R  Ro6wMhmi»  =  1 1700  decreased 
in  the  case  of  belt  0.2  aa  tc  rbr.iphtm  *8000* 


According  to  the  la*  of  Hattissen,  specific  resistance  is 
cbtained,  suaaarizing  the  independent  frea  the  teaperature 
resldual/reaanent  part  and  its  cwn  part,  proportional  X’: 

J>(T)  -p*i-p4  T5.  (2) 

Besidual/reaanent  specific  resistance  is  obtained  froa  electron 
scattering  on  the  defects,  aid  internal  resistance  -  froa  an 
electronic-phonon  interaction.  latter /last  part  is  virtually 
negligible  at  a  teaperature  cf  4.2°K.  Free  fig.  9  it  is  evident  that 
loth  effects  are  not  dependant,  and  the  lav  cf  Nattissen  is 
disrupted.  Is  given  the  dependence  of  a  difference  in  specific 
resistances  p{20.4®K)  -p  (  4.2°K)  according  tc  several  experiaental 
results  [11,  20,  21]  cr  the  coefficient  of  residual/reaanent  specific 
resistance.  Interacticn  between  the  phenenena  cf  dispersion  increases 
proportional  to  the  cocccntraticn  cf  defects. 
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According  to  Kohlcx,  a  relative  change  in  specific  resistance 

Ap/p-[p(8,T)-p(°,T)]p(°,T) 

is  function  only  B/p.  i  change  in  specific  resistance  can  be  written 
in  the  fora: 

AS. 

P 

where  a  and  0  -  constart  of  aaterial.  Divergences  frca  Kohler's  law, 

i 

based  on  the  isotropy  c t  the  processes  of  scattering,  were  revealed 
for  the  functions  of  teaparature  and  iapority  content  both  for 
polycrystalline  Al  [11,  20]  and  fox  single  crystals  [21,  22].  Pig.  10 
gives  the  dependence  of  a  relative  increase  in  specific  resistance  cn 
the  aagnetic  field  strength,  in  the  aeasorecerts  cf  the  authors  of 
article  are  given  the  values  cf  proper  field,  which  ccapcse  in  the 
rough  approxiaation  the  half  the  central  field  cf  coil,  and  Intended 
for  the  coapariscn  with  aeascrexents  in  the  sfcczt  saaples/speciaens. 
Very  satisfactory  quantitative  agreement  testifies  about  a 
considerable  increase  in  naynetac  resistance  with  an  iaproveaent  in 
the  purity/finish.  In  the  fields,  which  exceed  3  T,  were  observed  the 
effects  of  saturation.  1  he  aeasureaents  cf  Pickett  [20]  case  to 
light/detected/exposed  aven  linear  part  cf  the  curve  reluctance  in 
the  field  4  t. 


«(B/p)2 

i+jMB  r?r 
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Fig.  3.  Magnetic  buap  alcng  the  lice,  parallel  to  Z-axis  oa  radiua 
«t  *4.95  ca  ia  the  regies  between  adjacent  poles  (  j  *950a)  (a),  the 

heterogeneity  of  field  tie  saie.  bet  with  an  increase  32  tises. 


Key :  (1).  el.  (2).  aa/iiv 
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Fig.  9.  Divergences  frcs  the  lab  c f  Mattissen  for  alusinun.  The 
experimental  values  F  (*C.4K)-E (2.21)  depending  cn  the 
res id ual/ reaa nent  relation  of  resistances  (BBF) 

1  -  on  data  of  this  ecrk;  2  -  on  data  of  Pickett;  J  -  according  to 
the  data  of  Boroviki,  etc. 

Fey:  (1).  (Calculations  fir  ueneasea 's  flea). 

Page  254. 

Pig.  11  gives  tesfeiatura  changes  in  the  reluctance  and 
effective  coefficient  ct  specific  resistance  ?  Vhtu(B-  t)  f  in¬ 
different  values  of  the  surface  finishes,  investigated  at 
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temperatures  4.2  and  2C°R. 

Neasuxeaents  on  tkn  single  crystals  of  s pacific  angular 
directions  batvean  crystallographic  axis/axle  and  applied  field 
deterained  the  effects  cf  saturation  for  several  directions,  but  fee 
ctber  directions  tha  arcsalous  absence  of  saturation  of  reluctance  is 
not  thus  far  yet  understood,  feasibly,  are  ccsbiaed  several  phenoaena 
cf  such,  as  an  electrcnic-p henen  saall-angle  scattering  [23], 
aagnetic  breakdown  fer  the  specific  directions  cf  crystal  [24]  or 
generation  of  "collar"  c hansels  into  Brillouia's  adjacent  zones  [25], 
with  which  of  the  aechenisa  cf  conductivity  are  eliainated  the 
electrons. 

The  anomalous  behavior  cf  specific  resistance  causes  interest 
still  and  because  alunirca  can  be  used  in  the  sagnets  at  a 
teaperature  of  liquid  hydrogen.  Thus  necessarily  sore  systeaatic 
experimental  study,  aaialy  on  the  study  cf  the  dependence  of 
reluctance  on  the  teaperature  and  the  adiixtuzes/iapurities.  For  this 
purpose  are  prepared  tie  aeanureaects  in  the  shext  saaples/speciaens 
tor  the  tests  under  cccditiccs,  expected  in  the  aagnet  with  strong 
field. 


In  parallel  to  in ventigatlcas  in  the  sheet  saaples/speciaens  is 
constructed  the  nagnet  in  the  fexa  of  window  fraae  (Pig.  12),  which 
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is  designed  for  obtaining  ot  field  »  t  in  th«  apart ura  4x5cs*  at  tba 
length  of  40  ca.  Sith  tba  bait,  which  has  HEB*10000,  will  ba  used 
aluainua  foil  by  sactico  8x0.1  at2,  insulated  by  surface/skln  oxide 
cf  aluainua  with  a  thickness  cf  5  j. a.  Ace  scccessfully  coaplated 
tests  on  the  coil/winding  of  saddle-shaped  ceils.  Bxperiaantal 
cryogenic  aagnat  works  kith  dif fecent  cryogenic  taaperaturas  and  at 
frequencies  of  pulses  icx  wnich  kill  be  calc  elated  total  losses. 

The  extrapolation  cf  reluctance  in  the  field  4  I  cn  the  basis  of 
those  carried  out  of  eacliec  aeaaczeaents  sbets  that  at  4. 2°R  it  is 
possible  tc  expect  the  less  160  8  cf  direct  current,  and  at  20.4°K  - 
losses  10C0  8  of  direct  current.  These  values  correspond  to  gain  of 
total  power  7  tiaes  in  4.2°K  and  13  tines  with  20.4°K,  if  we  assign 
the  effectiveness  of  cccler  with  cespect  to  the  ideal  theraodynaaic 
effectiveness,  which  ccaposes  0.15  with  4.2°R  and  0.3  with  20.4K. 


Pig  10.  Magnetic  resistance  of  aluminum  at  20.4K0. 

1  -  according  to  data  of  this  report;  2  - 
according  to  data  of  Fickett. 

Key:  (1).  Magnetic  resistance  of  A1  at  20.4K°. 
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Fig.  11.  The  a«asuraa«ot  o £  visaing  inpedance  a  -  and  relative 
increase  of  resistance  is  the  dependence  on  the  central  field  for  4.2 
and  20. 4®K  and  belt  witk  the  value  of  the  residual/resanent  relation 
cf  resistances  *11. 7.  1C*;  t  -  effective  relation  of  winding 
iapedances  with  the  valcc  cf  central  field  in  2.S  T  depending  on  the 
value  of  the  residoal/renanent  relation  cf  resistances  rub  fer  4.2 
and  20.«®K. 

Key:  (1).  Bagnetic  resistance.  (2).  Relation  cf  resistances  with  25 
kg.  (3)  .  nl. 
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Fig.  12.  Central  field  cl  experiieatal  eagnet  with  aluainna  windings 
This  aagnet  with  a  lencth  of  40  ca  will  have  uptakes  for  the  cooling 
Iron  aagnertic  circuit  (enter  disaster  -6 C  ca)  is  ccoled  together 
with  the  wcund  froa  the  telt  windings. 

Key:  (1).  iron  aagnetic  circuit.  (2).  Central  field.  (3).  center. 
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Cisco ssion. 


T.  G.  OatidoTSkiy.  which  cha  saxiaua  valoa  c£  fisld  on  tha  sucfaca  of 
iron  scraan? 
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V.  Khaynts.  40  kg  for  the  latter/lsst  develcpaent  of  aluninui  aagnat. 
Por  the  developed  superconducting  aagnat  -  only  20  kg,  so  that  it  is 
not  saturated. 


v.  G.  Davidovskiy.  Such  tha  rata a  of  full/tctal/coaplete  aagcetic 
energy  in  tha  systaa  tc  the  energy  cf  field  is  tha  useful  aperture  of 
accelerator? 

7,  Khaynts.  Approximately  half  of  the  energy  is  expended  on 
the  energy  is  expended  on  the  winding  of  the  magnet,  and 
half  on  the  aperture, 

7.  3.  Davidovskiy.  Did  you  try  to  optimise  this  — ' a-<  ~nsh<n 

depending  on  the  radius  of  the  screen  and  thichkness 
■winding?  -“»»..nness  oi  tne 

7,  Khaynts.  Yes. 

S.  v.  kovalev.  Request  it  acre  detail  to  describe  that  it  was 
observed  in  stressed  a extend tic  steels  at  liquid>beliua  teaperatures. 


9.  Khaynts.  He  do  not  knew  exactly  what  occurs  in  these  steels  under 
such  conditions  and  they  were  astonished,  after  clashing  with  the 
effect  which  we  new  have.  Is  necessary  the  study  of  this  effect 
subsequently.  But  this  is  the  r education  that  it  is  net  possible  to 
utilize  the  stainless  steel  in  seed  devices/f quip  sent  close  tc  the 
working  aperture. 

P.  A.  7odop*yanov.  in  whet  celaticcship/xatie  they  arc  located 
through  your  estiaatiers  cf  less  is  the  aluiicua  and  superconducting 
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windings  at  frequencies  cn  the  cider  of  1  Ha? 

V.  Khaynts.  Relative  leases  at  a  teaperature  c t  liquid  heliua  will  be 
approxiaately  S  tines  acre  la  tie  aluainua  eacnets,  than  loss  in 
these  superconducting,  where  are  ctilized  conductors  in  thickness  of 
veins/strands  5-10  pa.  At  the  present  acaent/tcrgue  aluainua  aagnets 
are  toe  peer  for  their  use. 
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Page  256. 

80.  Prograa  of  works  on  the  creation  of  the  superconducting  coil 
electroeagnets  in  saclay. 

G.  Bronlc. 

(Saclay,  Prance). 

Introduction. 

In  racent  year 3  they  will  achieve  the  considerable  progress  in 
obtaining  of  the  superconducting  aaterials  and  designing  the  sagnets. 
At  present  a  large  nuaber  of  tne  superconducting  coil  electroaagaets, 
intended  for  the  work  in  the  continuous  duty,  is  located  in  the  stage 
of  construction.  The  kickers  thus  far  are  located  on  the  stage  of 
dasign,  but  there  is  a  clear  prospect  for  their  practical  use  in  the 
near  future.  In  aany  works  it  is  noted  [  t],  that  the  use/application 
of  the  superconducting  coil  electroaagnets  in  high~eaer gy  physics  is 
of  large  interest,  since  they  have  the  best  characteristics,  saallar 
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dimensions,  saaller  power  consumption,  ate. 

Tha  work  on  tba  superconducting  coil  electromagnets,  conducted 
in  the  laboratory  of  division  "Saturn",  concerns  both  the  their 
a3e/application  in  the  continuous  duty  for  the  detactors  and  elements 
of  the  systems  of  the  transportation  of  beam  and  davelopaent  and 
construction  of  tha  kickers  for  the  synchrotrons. 

Leases  of  systems  for  the  transportation  of  beam  (o.g.a.). 

After  tha  succassful  tests  of  the  construction /design  of  aagnet 
BIB  (length  of  1  m#  induction  4T,  stored  energy  10  HJ)  in  1969,  was 
constructed  the  doublet  of  guadrupole  lenses,  which  ensures  a 
noticeable  incraasa  in  the  intensity  of  the  beaa  of  the  secondary 
pions,  created  in  the  experimental  zone  of  accelerator  by  proton  beae 
with  the  energy  3  3eV.  The  expected  gain  in  comparison  with  the  usual 
quadrupole  lansas,  attained  as  a  rasult  of  applying  the 
superconducting  materials,  is  proportional  to  an  increase  in  the 
angular  acceptance  and  is  equal  to  four.  However,  such  is  the 
ralation  of  naxiaum  fields  in  both  cases. 

Optical  considsrations  and  studies  of  particle  trajectorias  led 
to  the  conclusion  that  it  is  necessary  to  utilize  an  elliptical 
aperturm  and  diffsrant  field  gradients.  However,  for  simplif icatioa 
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ia  the  construction/design  of  gaadrapola  lanses  was  selected  the 
circular  shape  of  aperturas.  The  values  of  the  basic  parameters  of 
lenses  are  given  in  Table  1.  The  two-dimensional  pictures  of  field 
and  current  distribution  are  obtained  by  two  aethols:  by  the  method 
of  resolution  in  tba  Fourier  series  the  field  of  coils  with  the 
pernanent  current  density  (2]  and  as  a  result  of  analytical  and 
numerical  calculations  of  the  field,  created  by  tha  current,  flowing 
through  the  polygonal  ones  section  [3].  The  three-dimensional 
pictures  of  field  are  calculated  with  the  aid  of  the  prograa,  based 
ou  bih-savart's  law,  and  the  contribution  to  the  field  gradient, 
given  by  iron  screen,  is  obtained  as  a  result  of  calculations 
according  to  the  prograa,  which  is  tha  sodification  of  program  "HIRE* 
[4],  Tha  cross  section  of  coils  is  shown  in  Fig.  1,  and  field 

/fctT 

distribution  for  both  gusdrupolas  -^2. 
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The  basis  paraaeters  of  aagnets  aC9  selected  taking  into  account 
the  technological  possibilities,  snich  existed  in  the  period  of 
design  and  determined  the  construction/design  of  aagnet  (stabilized 
by  copper  superconductor,  interwoven  from  the  thin  wires  of  the 
diameters  of  100  n) .  It  was  aore  lately  explained  that  the 
possibilities  of  conteaporary  industrial  technology  aaka  It  possible 
to  iiprove  the  aagnatic  characteristics  of  doublet.  For  exaaple,  an 
external  radius  of  the  first  quadrupole  is  reduced  with  31  to  2«.2 
ca,  and  averaga/eean  currant  density  is  increased  by  25o/o.  Are  given 
below  the  values  of  the  paraaeters  of  the  new  construction/design  of 
quadrupole. 

Basic  paraaeters  of  the  quadrupole  lenses: 
paraaetar  ....  O.G.A.  1  ....  O.G.A.  2. 

Oseful  radius,  a  ....  0.10  • « »»  0»  15. 

Inside  radius  of  coil,  a  ...»  0.13  ....  0.18. 


DOC  *  90069220  PAGE 

External  radius  of  roil,  a  ....  0.  242  ....  0.263. 


Haxiaua  field  gradiant,  t/a  ....  35  . . . .  23. 


Baxiaua  induction,  t  ....  4.64  ....  4.18. 


Magnetic  length,  a  ....  0.66  ....  0.67. 


General/coaaon/total  current  density.  A/cm2  ....  10220  ....  10350. 


Haxiaua  current,  A  ....  1.175  ....  1.150. 


Stored  energy,  HJ  ....  0.70  ....  0.83. 


Longitudinal  length,  a  ....  0.84  ....  0.84. 


The  overall  length  of  conductor,  a  ....  4x1130  ....  4x1145. 


Bore  of  screen,  a  ...  1.45  ....  1.45. 


Thickness  of  screen,  a  ....  0.09  ....  0.09. 


Thickness  of  end  plates,  a  ....  0.03  ....  0.03. 
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Th a  conductor  of  rectangular  cross  section  (2.  35*2. 35*  as)  is 
preparsd  fro*  largs  nuabec  (37x37)  of  the  twisted  filaments  in 
diameter  approximately  40  p,  in eluded  in  the  aatrix/die  fros  copper, 
aoreover  the  relation  of  the  sections  of  copper  and  so pare on d acting 
notarial  is  aqual  to  3.6.  Tae  fils  of  epoxy  resin  with  a  thickness  of 
50  m  serves  for  the  isolation  of  conductors  fros  the  housing,  and 
cooling  coil  is  provided  oy  channels  for  heliua  with  width  0.6  an, 
arranged/located  between  the  layers.  9han  selecting  of  the  forn  of 
coil/winding  by  the  ends/leads  of  tha  poles  are  accepted  the  special 
precautionary  aeasures  for  the  purpose  of  ensuring  tha  ease/lightness 
of  coil/winding  and  at  the  sane  tine  preserving  by  free  aperture.  The 
aade  selection  provides  the  constancy  of  the  length  of  all  turns  and 
a  ainisua  number  of  turns  in  each  layer,  is  is  shown  trajectory 
calculation,  obtained  fiela  distribution ,  shown  in  Pig.  2,  is 
conpietaly  acceptable. 

Cryostat  is  shown  in  Fig.  3,  where  is  represented  the  diagras  of 
the  layout  of  entire  installation.  Cylindrical  tank  for  haliua  is 
placed  eccentrically  relative  to  the  azis/axle  of  coil  in  order  to 
ensure  tha  possibility  of  access  to  tha  reservoir  for  heliua  with  a 
capacity/capacitance  of  140  1,  establish ed/installad  higher  than  the 
level  of  coils.  The  electrical  protection  of  coils  is  provided  by  the 
davice/eguipasnt  which  records  transition  into  the  noraal  state  and 
is  accoaplishei/realized  the  reaoval/distance  of  stored  energy  with 
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the  eff ectivenass  of  acre  tnan  99o/o. 

daring  Hovsaber  1970  were  set  aany  parts  o£  installation 
(cryostat,  screen,  supply  o£  power  and  strut),  whereas  the  conductor 
of  new  construction/design  still  is  located  in  the  stage  of 
production.  laaediately  at  the  teraination  of  tests  the  doublet  of 
guadrupole  lenses  will  be  estaniisned/installed  in  the  ezpeciaent&l 
zone  for  its  testing  under  wording  conditions. 

Investigations  on  the  use/a p plication  of  the  superconducting  coil 
electroeagnets  in  the  pulsed  operation. 

As  is  well  known,  with  field  changes  in  the  superconducting 
eaterial  appear  the  energy  losses,  norsover  the  value  of  these  losses 
is  the  function  of  the  xateusxt //strength  of  field,  geonetry  of  coil, 
sizas/dinanslons  of  conductor  and  its  construction/design  [5].  The 
superconducting  coil  electroeagest  for  the  synchrotron  eust  create 
the  field  of  order  6T  in  the  zone  oy  width  on  the  order  of  10  ca  and 
lengths  several  asters  and  operate  on  a  pulsed  basis  during  pulse 
repetition  after  every  4-5  s.  is  it  follows  froa  the  theory,  under 
such  conditions  the  diaeeter  of  thin  wires  froa  the  alloy  of 
titaniue-niobiua  aust  be  order  on  the  order  of  2-4  p,  and  the 
stap/pitch  of  their  joining  -  about  1  aa. 
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Pig.  3.  Tha  ganaral  riew  or  taa  quadrupola 
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Par  tasting  the  theory  is  carried  out  a  vary  larga  amber  of 
expeciaents.  The  superconducting  windings,  prepared  froa  the  thin 
wires  in  dianeter  froa  300  to  8  >i  by  different  producers  in  Europe 
and  (JSA,  were  used  for  producing  aore  than  35  solenoids  with  the  bore 
of  20  aa,  outer  disaster  of  90  an,  and  length  of  90  na,  which  create 
field  by  intensity /strengtn  6T  xn  the  center  of  coil.  The  relation  of 
the  sections  of  copper  and  superconductor  was  changed  in  the  liaits 
froa  1  to  6.  The  pulsed  source  of  supply  pernitted  iapleaenticn  of 
cycles  with  the  frequency  one  inpulse/aoeentae/pulse  within  the  tine 
from  2  to  15  s. 

Experimental  data  are  coapared  with  the  theoretical  values  of 
the  losses  which  are  obtained  oy  the  nathod  of  calculations  with  the 
use  of  a  calculated  picture  of  field  and  theoretical  expressions  for 
the  losses. 

Generally  spanking,  the  ratio  of  the  eeasured  values  of  losses 
to  coaputed  values  lies/rasts  at  the  range  froa  1  to  2  and  does  not 
depend  on  the  diaaeter  of  thin  wires,  if  it  exceeds  0  **,  when  the 
step/pitch  of  winding  on  in  snail  in  comparison  with  the  critical 
length,  to  the  corresponding  period  of  the  increase  of  the  field  (nee 
Pig.  4|  .  It  is  aore  precise,  me  basic  results  of  experiaents  can  be 
presented  as  follows. 
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The  iegraiation,  defined  as  the  relation  of  the  experimental 
value  of  current  upon  transfer  into  the  noraal  state  to  its 
theoretical  value,  was  determined  as  a  result  of  experiaents  with  a 
slow  increase  of  the  currant  and  in  the  pulsed  operation.  Bith  the 
slow  increase  of  current  this  relation  always  ranged  froa  1  to  0.9 
with  exception  of  the  case  of  the  oraid/ cover,  for  which  it  was 
obvious  that  soae  conductors  were  torn/broken.  In  the  pulsed 
operation  it  turned  out  that  this  relation  depends  on  cooling  aad 
aachanical  stresses  in  the  winding,  B it h  a  good  cooling  of  coils  * 
(channels  for  haiiua  with  a  width  of  1  aa  or  copper  heat  withdrawals 
with  a  diameter  of  0.2  an)  and  aechanical  stresses  in  the  winding  (S 
kg/ca*)  the  iegradation  of  energy  was  appcoxiaately  the  saae  as  with 
the  slow  increase  of  current.  In  other  cases  it  was  on  the  order  of 
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Pig.  5.  Dapendanca  3 f  t be  degree  of  degradation  on  the  cooling  and  on 
the  interference  with  the  coil/winding. 


Ray:  (1).  Degraa  of  degradation.  (2).  Strip/fila.  (3).  channels  for 
cooling,  an.  (4).  Cable.  (5).  long  heat  withdrawals.  (6).  short  heat 
withdrawals.  (7).  (without  neat  withdrawals!.  (8).  Twisted  cable. 

(9).  Iatarfaranoa  with  press  to  coil/winding  kgf/sn*.  (10). 
Frequency.  Hz. 


Page  259 
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As  i3  shown  experiment,  with  the  diameter  of  thin  wiras  it  is 
■ore  than  6.6  m  the  behavior  of  losses  corresponds  to  the  predictions 
of  the  theory.  Por  the  isolated/insulated  thin  wires  and  the  thin 
wiras  in  the  copper  matrir/dia,  twisted  in  the  step/pitch  it  is  lass 
than  the  critical,  losses  are  proportional  to  the  dianetar  of  the 
nonof ilaaents  of  the  superconductor  (see  Pig.  6) . 

It  was  discovered,  that  under  conditions  indicated  above  of  loss 
do  not  depend  on  frequency  the  washing  of  winding.  However,  when  the 
relation  of  the  step/pitch  of  entanglement  toward  the  critical  value 
ranges  froa  1  to  4,  it  was  discovered,  that  the  losses  grow/rise  with 
an  increase  in  the  frequency. 

Cooling  by  noticeable  fora  affact3  the  measured  losses:  the 
better  the  cooling,  the  lower  the  loss.  As  in  the  case  of  affect  on 
the  degradation,  the  windings,  wound  with  large  aechanical  stresses, 
detect  the  considerably  best  properties  (see  Pig.  7) . 

Design  of  synchrotron. 

Results  relative  to  lead  loss,  prepared  froa  the  thin  wiras  of  a 


snail  dianetar,  proved  to  be  sufficiently  encouraging  in  order  to 
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bagia  the  design  of  dipoles  sod  gusdrupoles  for  the  synchrotron. 
However,  up  to  now  there  does  not  exist  the  eegnets  of  sufficient 
sizas/disansioas  which  would  be  tested  in  the  horizontal  position. 
Froa  the  solenoids  of  sasll  sizes/diaenslons,  prepared  for  saterial 
testing,  it  is  still  far  to  tarn  full-scale  sagnet  of  synchrotron. 

During  the  design  of  such  eegnets  it  is  necessary  to  acconplish 
of  the  series/row  of  conditions. 

To  the  fore  of  coil  it  oust  provide  uniform  field  and  low  value 
of  storad  energy. 

The  conductor,  prepared  froa  the  correctly  Interwoven  filasents 
with  dlaaeter  several  microns,  aust  be  calculated  for  currents  on  the 
order  of  thousands  of  aaperes. 

Bust  be  provided  the  very  rigid  construction/design  of  coil  for 
obtaining  saall  allowances. 

Are  necessary  also  a  good  cooling,  the  careful  account  of 
dynasic  forces,  the  shielding,  the  helius  cryostat,  designed  for  the 
pulsed  operation. 
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Froa  the  theory  are  known  the  section  of  winding  and  the  fora  of 
its  edges,  necessary,  in  order  to  obtain  a  good  topography  of  field. 

Speaking  in  general  teres,  are  possible  two  approaches  with  the 
design  of  winding.  In  the  first  case  they  atteapt  to  satisfy  the 
stated  above  requirements,  whatever  practical  difficulties.  In  the 
second  case,  keeping  in  aind  the  simple  method  of  coil/winding,  they 
atteapt  to  find  the  fora  of  coil  which  would  satisfy  the  stated 
technological  requirements. 

It  is  obvious,  the  difference  between  the  two  approaches 
indicated  is  not  very  great,  since  in  any  event  it  is  necessary  to 
search  for  a  compromise  between  the  requirements  of  theory  and  the 
practical  possibilities. 

In  the  laboratory  of  division  "Saturn"  it  is  solved  as  far  as 
possible  to  simplify  technology  of  coil/vinding  in  order  to  decrease 
the  cost/value  of  the  production  of  coil.  This  path  leads  to  certain 
incraasa  in  the  dimensions,  since  deteriorates  the  uniformity  of 
field;  however,  becomes  all  sore  oovious,  that  in  any  avent  the 
inaccuracy  of  production  aust  lead  to  the  saae  result,  even  when 
selecting  of  the  fora  of  coil  in  accordance  with  the  rsquireaents  of 
theory. 
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Kay:  (1).  Strip/fili.  (2).  Channels  of  cooling,  na.  (3).  Twisted 
cable.  (4) .  Interference  with  coil/winding.  (5) .  Channels  of  cooling, 
■a.  (6).  Frequency,  Hz. 

Page  260. 

Coil/vinding  and  cooling. 

Talcing  into  account  the  importance  of  a  good  cooling  which  was 
noted  above,  during  the  design  of  coils  were  provided  for  the  cooling 
channels  for  heliue  or  aetallic  (copper)  heat  withdrawals.  The 
ends/leads  of  such  heat  withdrawals,  which  use  for  reaovlng  the  heat 
froa  the  canter  of  coil,  ware  subnet ged  in  liquid  helium. 

Copper  heat  withdrawals  are  very  proaising,  since  they  ante  it 
possible  to  obtain  aore  compact  winding:  in  this  case  it  is  not 
necessary  to  taka  the  special  aeasuras,  which  ensure  the  regular 
arrangement  of  heat  withdrawals  as  in  the  case  of  cooling  channels 
for  helium. 

During  tha  usa  of  heat  withdrawals  it  is  necessary  to  iapregnate 


coil  in  order  to  ensure  a  good  thermal  contact  between  heat 
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withdrawals  and  Layars  of  conductor.  Detailed  designed  investigations 
lad  also  to  tha  conclusion  mat  the  impregnation  plays  positive  role 
in  the  process  of  coil/winding,  it  ia  pedes  the  displaceaent  of  turns 
and  raises  tha  mechanical  strength  of  winding.  At  present  is 
developed/procassad  technology  of  iapragnation.  The  circuit  of 
investigations  lies  in  the  fact  that  to  establish/install,  what  east 
be  the  optiaua  characteristics  of  hinder  and  as  it  will  behave  during 
the  cooling,  during  the  prolonged  operation  in  the  pulsed  operation 
and  under  the  effect  of  raduatioa. 

Is  prepared  a  large  nuaber  of  dipole  nagnets  of  saall 
sizes/disensions  for  the  investigation  of  their  behavior  with  the 
coil/winding  (in  particular  at  the  ends/leads)  and  developing  the 
best  iapregnation  operation  with  tne  coil/winding,  which  ensures  the 
prescribed/assignad  allowances. 

Iron  screen. 

It  is  obvious  that  tha  aagaets  of  synchrotron  aust  be 
protacted/surrounded  by  tne  iron  screens,  which  ensure  the  absence  of 
the  distortions  of  the  field,  whica  perturbs  the  affects  of  the  field 
to  othac  instruments  and  the  uncontrollable  forces.  There  are  two 
aethods  of  designing  the  iron  screens. 
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lean  is  arr anged/locatad  in  tits  cryostat.  la  this  casa  is 
provided  a  aaxiaua  incraass  ia  the  straagth  of  fisld  and  tha 
ease/lightness  of  the  coapensatioa  for  aagnatic  loads. 
Daficieacies/laclcs  ia  this  aachod  of  casolation  of  pcoblaa  ara  aa 
increase  in  tha  sizas/disensions  ia  tha  cryostat,  the  disturbances  of 
the  uniforaity  of  aagnatic  field  as  a  result  of  the  affects  of 
saturation  and  aaialy  tha  high  hysteresis  losses,  which  lead  to  tha 
heat  liberation  which  aust  ha  driven  out  at  a  teaperaturs  of  liquid 
helium.  Proa  a  practical  point  of  view  high  losses  on  hysteresis  Bake 
this  decision  unacceptable. 

Iron  out  of  the  helium  cryostat.  This  construction/dasign  is 
more  complicated  as  a  result  of  the  need  for  the  coapensation  for 
loads,  created  by  aagnatic  forces  through  walls  of  cryostat.  Since 
the  screen  is  arranged/located  further  from  the  aagnet,  it  cannot 
saiza  nors  than  I0-l5o/o  ground  field  in  the  aajority  of  tha 
practical  cases;  in  this  case  the  affects  of  saturation  will  be 
absent,  ill  aagnats,  prepared  in  tha  laboratory,  have  the  iron 
screen,  arranged/located  out  of  the  cryostat. 

Cryogenics. 


whan  is  utilizad  classical  aetallic  cryostat  and  repetition 
period  of  cycles  it  composes  several  seconds,  aain  difficulty  in  this 
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ragion  is  connected  with  ua  eddy  currants. 

Therefore  siapia  resolution  of  problee  lies  in  tha  fact  that  to 
utilize  tha  cryostat,  prepared  froa  tha  nonaetallic  material, 
although  it  is  possible  to  utilize  a  aatallic  cryostat,  if  it  is 
possible  to  usa  any  crafty  aetnoa  of  raducing  the  losses  (for 
axaaple,  the  corrugated  ducts  aade  of  the  stainless  steel). 

Experiaental  dipole  aagnet. 

for  tha  practical  faailiarization  with  the  probleas,  which 
appear  during  the  construction  of  the  aagnet  of  synchrotron,  which 
worts  in  the  pulsed  operation,  and  developing  the  aethods  of  their 
resolution  it  was  decided  to  prepare  the  experiaental  dipole  aagnet 
which  would  differ  fron  the  final  construction/design  of  aagnet  in 
essence  only  in  teres  of  sizas/dlaensions. 

Was  designed  the  winding,  which  creates  field  with  the  induction 
6  T  in  the  center  of  the  aperture  with  a  diameter  of  10  ca. 

The  aperture  indicated  somewhat  less  than  it  will  be  reguired 
for  the  aagnet  of  synchrotron,  and  the  eagaetic  length  of  coll  (SO 
ca)  is  considerably  lower  than  necessary.  The  basic  paraaeters  of 
this  aagnet  are  shown  below: 
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Bore  of  coil,  cm  ....  10. 


Outer  disaster  of  coil,  cm  . ...  24. 


field,  created  by  coil  witaout  cite  screes,  T  ....  5.5. 


Pieli  in  the  presence  of  screen,  I  ....  6. 


Senaral/coeeon/total  current  density,  A/ca2  ....  15000, 


magnetic  length  of  dipole,  cm  ...  50. 


Stored  energy,  kJ  ....  280. 


Huabar  of  turns  ....  1000. 


Sizes/diaensions  of  belt,  aa  ....  5x1.5. 


/Uoo 

length  of  belt,  a  ....  >0000. 


Naxiaua  current  strength,  A  ....  1500. 
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Lossas  La  tha  superconductor  p ec  cycle,  J  (with  tha  diaaetar  of 
strands  10  p)  ....  100. 

Operating  aode: 

tha  period  of  tha  increase  of  current#  s  ....  1.2. 

tha  period  of  the  drop  of  currant#  s  ....  1.2. 

tha  period  of  the  constant  value  of  current,  s  ....  4.0. 

Iron  screen 

borage*  ...  56. 

outer  diaastar#  «...  90. 

naterial  -  plate  free  iow-carooa  steel  by  thickness#  as  .... 

1.5. 

Page  261. 

Cryostat  (aatallic  cryostat#  prepared  froa  the  corrugated  ducts  unde 
of  the  stainless  steel  for  the  depression  of  the  eddy  currents 
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the  wall  thickness  of  core  tubes,  na  ....  6. 

the  wall  thickness  of  external  ducts,  aa  ....  30. 

static  losses,  v  ....  6. 

Calculated  additional  losses  due  to  eddy  currents  during 
aode/conditions  indicated  above,  V  ....  1.5. 

The  general  view  of  aagnet  and  cryostat  is  shown  in  Fig.  8. 

conte aporary  state  of  works. 

Testings  of  aagnet  are  noted  for  autumn  1971.  is  at  present 
ocdeced  conductor  and  soon  it  as  proposed  to  order  cryostat. 
Coil/winding  is  one  of  the  aost  complicated  technological 
opera tions/procsssas;  therefore  was  carried  out  a  large  nuaber  of 
tests  on  full-scale  aodels  vita  the  copper  conductor,  that  has  the 
saae  sizas/diaensions,  as  the  belt,  which  contains  superconductor. 


Conclusion 
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The  basic  goal  of  the  investigations,  which  were  being  carried 
out  in  the  laboratory  of  division  "Saturn"  as  the  laboratory, 
conn acted  with  high-energy  physics,  consisted  of  ensuring  the 
possibility  of  producing  the  superconducting  coil  alectroeagnets  for 
the  accelerators  and  other  auxiliary  aagnets,  in  particular,  the 
eleeants  of  the  systea  of  the  transportation  of  beaa  and  aagnets, 
which  ara  tha  part  of  the  detectors.  In  the  valueless  tiae  it  is 
obvious  that  there  does  not  exist  the  serious  probleas,  connected 
with  the  use  of  the  superconducting  coil  alectroeagnets  in  the 
constant  duty.  As  far  as  aagnets  are  concerned,  designed  for  the 
pulsed  operation,  then  is  very  probable  that  for  their  practical  use 
will  be  required  the  even  aany-year  worts.  However,  all  research 
groups,  which  work  above  the  resolution  of  this  problea,  are 
conpletaly  confident  in  the  final  success.  It  is  necessary  to 
consider  that  the  construction/design  of  future  accelerators  can 
differ  froa  conteaporary.  La  particular,  the  high  values  of  the 
energy,  stored  up  in  the  aagnet  and  the  scattered  in  the 
superconductor  power,  can  create  tendency  toward  the  developsent  of 
accelerators  with  the  larger  duration  of  cycle  [6].  However,  the  only 
one  of  the  directions  of  wide  study  prograe  which  will  be  required 
for  the  successful  decision  of  stated  probleas. 


I 


OSmotmta^ 
(nonepevHoe  ctmme) 


Pig.  8.  The  general  view  of  dipola. 

Kay:  (1).  Scraan.  (2).  Haliua  tana.  (3).  Vacuua  tank.  (4) 
(cross  saction)  . 
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Discussion. 

H.  Vast.  »ara  iapragnatad  tha  windings  of  diract-currant  quadrupola? 

If  not,  then  as  ace  held  conductors  in  the  winding? 

Shat  cuccent  density  in  the  winding? 

G.  Brook.  The  windings  of  quadrupola  ware  not  flooded,  bat  they  ware 
coolad  with  tha  aid  of  the  channels,  foraed  by  packing.  As  far  as 
affects  ace  concerned  aecaaaical,  winding  is  sufficiently  durable  due 
to  the  stretching  of  conductor,  and  whan  its  winding  on  is  coaplated 
and  fonr  windings  are  assasolad  together,  than  there  is  a  special 
derice/aquipaent,  which  will  reliably  hold  down/retain  than.  Be  hope 
not  to  have  essential  troubles  due  to  the  displaceaents. 

Tha  current  density  which  we  expected,  is  equal  to  11  ki/ca*. 
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81.  Davalopaant  ind  ia vestigaciaa  of  the  contained  conductors  with  ths 
thin  superconducting  veins/ strands. 

A.  I.  Kostenko,  N.  A.  no  nos  z  on,  G.  7.  Trokhachev. 

(Scientific  research  institute  of  the  alectrophysical  equipaent  ia. 

D.  7.  Tefreaov). 

7.  7.  Baron,  7e.  H.  Savitsxiy,  7.  A.  Frolov 

(I met  -  institute  of  Metallurgy  ia.  A.  a.  Baykov]  of  the  AS 

OSSa  ia.  A.  A.  Baykova). 

At  present  special  interest  cause  the  aultiple  coabined 
conductors  with  the  thin  superconducting  veins/strands.  The 
use/a pplication  of  such  conductors  wakes  it  possible  to  raise 
avenga/aean  current  density  in  the  windings  of  the  superconducting 
coil  electroaagnets  to  (3-5)  O0*  A/ca*  and  to  create  the 
superconducting  coil  electroaagnets,  which  work  on  alternating 
currant.  In  the  present  report  is  described  the  aethod  of  producing 
the  aultiple  coabined  conductors  with  the  thickness  of  those 


i 
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superconducting  strands  to  30  >j,  and  are  also  represented  the  results 
of  their  investigation  noth  in  the  fora  of  short  saaples/spacisens 
and  with  the  coil/wind ing  into  the  solenoids*  which  have  the  varied 
conditions  for  cooling. 

Method  of  production. 

The  production  of  the  coahmed  conductor  was  conducted  by  the 
net  hod  of  the  combined  plastic  detonation  of  the  superconducting 
niobiua-titanata  alloy*  placed  into  copper  die.  The  rods  of 
nioblua-titanate  alloy*  installed  into  the  special  aount/aandrel* 
were  heated  in  the  ataosphece  of  argon  to  teeperature  of  700°C*  were 
insartad  Lnto  tie  copper  aatrix/dia  and  was  conducted  pressing.  The 
temperature  of  the  container  of  press  in  this  case  was  approxiaately 
400 °c.  Heating  the  uiobiue- titanate  rods  before  the  pressing 
contributed  to  the  best  cohesion/coupling  of  alloy  with  the  copper 
aitrix/die.  The  selection  of  ceaperature  conditions  during  the 
pressing  provided  the  aost  advantageous  re la tionshi p/ratio  of  the 
resistances  to  deformation  of  superconducting  alloy  and  copper. 

As  the  superconducting  aaterial 

there  was  selected  the  alloy  ot  niobiua  with  6O0/0  of  titan! un. 

The  coaposite  rods  with  a  diameter  of  25-30  ea*  obtained  after 
pressing*  were  further  worked  by  rolling  in  the  grooved  rolls  with 


DOC  =  80069220 


PAG2  JX'  ^ 

/nD 

the  subsequent  dragging  to  the  wire  *0.3  as. 

Por  increasing  the  density  of  critical  current  was  applied  the 
heat  treatment  of  the  combined  conductor  at  the  intermediate  diameter 
at  a  temperature  of  450°C  for  2-4  hours,  intermediate  diameter  was 
selectel  froa  the  condition  taut  tae  strain  with  the  dragging  to  the 
final  diaaeter  coaposed  50-o0o/o. 

Poc  the  research  worts  on  alternating  current  were  prepared  the 
saaples/speciaens  of  the  three-* component  combined  conductors,  which 
consist  of  those  superconducting  strands  in  the  titanium  shell, 
placed  into  ths  copper  aatnx/die. 

Por  producing  the  three-component  conductors  was  applied  the 
method  of  dual  pressing,  whicn  consists  in  the  fact  that  the  nnltiple 
rods  with  the  titaniua  antrix/die,  obtained  by  the  method  pointed  out 
above,  were  inserted  into  tne  copper  matrix/die  and  underwent 
repeated  pressing.  Purthmc  technological  process  did  not  differ  from 
process  for  the  two- component  ccmoinsd  conductors. 

Characteristics  of  short  saaples/specimens. 

The  results  of  the  seasuresents  of  the  dependence  of  critical 
current  in  the  short  saapie/speciaen  on  the  external  magnetic  field 
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ac a  givan  in  Pig.  1  and  2.  As  css  oe  saan  froa  given  data,  the 
characteristic  faature  of  tha  volt-aspere  characteristic  of  tha 
investigated  saaples/speciaens  is  saooth  running  in  tha  initial 
sagaent  of  a  curve  of  transition  in  noraal  state,  which  can  be 
explained  by  the  presence  in  tna  superconducting  strands  of  stable 
resistance  region. 

Page  263. 

Bith  theraal  loads  g— O.a  B/cn-*  is  observed  the  abrupt  transition  of 
saaple/speciaen  into  the  noraal  state,  which,  apparently,  is 
connected  with  tha  crisis  of  neat  eaission.  The  average  density  of 
critical  current  in  the  field  -SO  fcg  composes  3-4«10*  A/ca*  with 
tnictnassas  of  tha  superconducting  strands  in  the  range  (30-90)  p. 

For  the  analysis  of  stanility  of  the  superconducting  current  in 
the  developed  coabined  conductors  is  used  the  procedure,  which  made 
it  possible  to  detecaine  tna  aaxiaua  value  of  the  superconducting 
currant  when  flux  juaps  are  present,.  The  test  specisen  in  the  fors 
of  the  bifilar  wound  coil  is  estaoiished /installed  in  tha  solenoid, 
which  creates  pulse  sagnetic  field  duration  (40-150) • 10**  s  in 
aaplituda  100-150  a. 


Bith  the  aid  of  the  pulse  sagnetic  field  in  the  saapla/speciaea 
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was  excited  flux  jump  and  was  determined  the  aaxiaua  threshold  value 
of  the  superconducting  current,  which  does  not  lead  to  uncontrollable 
spread  of  normal  phase. 

Tha  contrarily  connactad  induction  coils,  arranged/located 
inside  and  out  of  the  saapia/spaciaen,  made  it  possible  to  record 
flux  jumps  which  did  not  lead  to  tne  appearance  of  a  normal  phase. 

External  aagnetic  field  was  created  with  the  aid  of  the 
superconducting  solenoid.  Maasureaents  showed  that  while  for  the 
single  niobiue-titanate  conductor  *0.  32  ■■  with  copper  coating  with  a 
thickness  of  0.04  mm  the  threshold  currant  in  the  field  20  kg 
comprised  16A,  and  critical  current  -  27  0A,  the  degradation  of  the 
current  of  tha  combined  conductors  with  19  superconducting 
veins/strands  in  thickness  from  35  to  80  »m  virtually  was  not 
manifested. 
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Fig.  1.  Dependence  of  the  density  of  critical  currant  on  the  applied 
field  for  tha  sa aplas/speciaens  of  19-strand  conductors  of  different 
outer  dianetar,  1  -  #0.3  an;  2  -  #0.9  sa;  #0.S  an;  9  -  #0.6  an;  5  - 
#0. 8  an. 


Kay:  (1).  Charge  of  current.  (2).  Applied  field  H,  kOe 


Hanpumeiul  U,S  iO 
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Fig.  2 


Pig.  2.  Folt-aapece  characteristics  of  coabined  conductor  with  a 
diaaater  of  0.5  aa  with  37  superconducting  vein s/strands  with  a 
thickness  of  *40  (8*24  cos)  . 


f  .  » 

v 

<  t 


Kay:  (1).  «/c*2.  (2).  Voltaga.  43).  Current. 


Pig.  3.  Testae  of  solenoid  in  vacuua.  1  *  duct  foe  the  vacuus 
evacuation;  2  -  current  iaputs;  3  -  liquid  heliua;  4  -  current 


} 

l* 
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inputs;  5  -  n:uai  aultipiaxiag  from  the  indium;  6  -  copper 
f rasa  work /body  of  3olmno±d;  7  -  winding  of  solenoid;  3  -  vacuum 
envelops;  9  -  intacn&l  vail  of  cryostat;  10  -  ceramic  insulator. 

Page  264. 

Tasting  the  combined  conductors  with  the  coil/vinding  into  the 
solenoids. 

Prom  the  conductor  #0.  i  mm  with  19  niobiua-titanate 
vains/strands  was  prepared  with  the  method  of  joining  the  semiveim 
cable,  from  which  th  was  wound  taa  solenoid.  The  length  of 
conductor  was  equal  to  -6 00  a.  Has  measured  the  current  of  the 
junction  of  3ol9noid  into  the  normal  state  during  its  insertion  into 
liquid  helium,  and  also  during  the  placement  of  solenoid  into  the 
vacuum. 

Tester  of  solenoid  in  the  vacuum  is  shown  in  Fig.  3.  During 
testing  of  solenoid  in  the  vacuum  the  solenoid  was  cooled  due  to  the 
thermal  conductivity  througa  tarn  copper  frameworfc/body  whose  upper 
part  had  a  contact  with  liquid  helium.  The  junction  of  superconductor 
with  the  current  inputs  was  found  xa  liquid  helium.  Heasuring  circuit 
and  results  of  the  tests  of  solenoid  in  liquid  heliua  and  in  the 
vacuum  arm  given  in  Fig.  4. 
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As  it  follows  froa  given  data,  in  both  cases  with  the  accuracy 
of  aaasuraaents  is  rescued  the  current  of  short  saaple/speciaea  aad 
the  curve  of  transition  into  the  noraal  state  in  the  initial  section 
has  steady  character. 

Pig.  5  gives  the  results  of  the  tests  of  solenoid  froa  19-strand 
conductor  with  a  disaster  or  d.a  aa  and  by  the  thickness  of  those 
superconducting  strands  *>90  ><a.  The  winding  of  solenoid  is  saturated 
with  the  epoxy  trowelling  coapound  with  the  filler,  which  possesses 
high  tharaal  conductivity.  The  length  of  the  coabined  conductor  was 
350  a.  As  can  be  seen  froa  given  data,  the  degradation  of  current  is 


not  observed 


NQnp»mc*ue  U[**8\ 
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Fig,  u.  Measuring  circuit  and  results  of  the  tests  of  solenoid  in 
liquid  Be  and  in  the  vacuum. 


1 

i 

I 

i 


K ay:  (1|.  voltage  0  Cm7}-  U)  •  Binding  of  solenoid.  (3).  Pole  face 
winding.  (4).  Liquid.  (5).  Vacuus.  (6).  Current  of  solenoid.  (7). 
External  field.  (8)  .  Current. 
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(2 )  8ntuinn  nan  H,  n» 


Pig.  5.  Resalts  of  the  tests  of  the  solenoid.  saturated  with  the 
epoxy  trowelling  compound.  1  -  dependence  Iu—#(hw);  2  -  dependence  of 

the  eaxinue  value  of  aagnetic  intensity  on  the  winding  of  solenoid 
fron  the  current;  x  -  transition  point  into  the  noraal  state. 

Key:  (1).  Currant.  (2).  External  field  H,  kOe* 

Discussion. 

B.  H.  saaoilov.  correctly  whether  I  understood  that  the  current 
density  in  the  superconductor  of  this  cable  was  equal  to  4.10*  A/ca*. 
Bhich  duty  factor? 

A.  I.  Kostenko.  This  is  average/aean  current  density  for  entire 
section  of  cable.  Duty  factor  was  order  30o/o. 
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82.  Calculation  of  the  losses  is  the  super conduct ocs  and  the  kind  in 
the  pulse  aagnetic  field. 

L.  1.  Sreben',  Ye.  S.  Mironov. 

(Badio  engineering  institute  of  the  AS  OSSB) . 

The  iapsdaacs  of  the  superconductors  (SP)  of  the  II  hind  in  the 
aagnetostatic  field  is  equal  to  zero;  however,  in  the  variable  field 
which  occurs  in  the  aagnets  of  synchrotrons,  in  superconductors  of  II 
type  appear  tha  losses.  In  work  £  1 J  it  was  shown  that  with  sons 
assuaptions  the  power  of  losses  in  the  superconductor  was 
proportional  to  the  critical  density  of  current  SP,  to  its  transverse 
siza/diasnsion  and  rate  of  the  build-up/growth  of  aagnetic  induction. 
However,  in  aaay  real  cases,  in  particular,  in  the  accelerators  in 
which  the  aagnetic  field  in  the  process  of  acceleration  changes  over 
wide  liaits,  the  adopted  assuaptions  are  not  fulfilled.  In  connection 
with  this  were  carried  out  the  present  nora  detailed  calculations  of 
losses  in  SP. 


For  deteraination  of  losses  in  SP  of  the  II  hind,  which  is 
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located  in  the  external  pulse  magnetic  field,  was  used  the  sodel  of 
critical  state  [2-4].  In  tnis  case  it  was  considered  that  the  density 
of  ccitical  current  jc*  aimed  in  S?  with  a  change  in  the  magnetic 
flux,  was  connected  with  the  local  valua  of  induction  B  with  the 
relationship/ratio 


During  tha  correct  selection  a  and  Ba  formula  (1)  approximates 
sufficiently  well  experimental  dependences  je(B)  of  real 
superconductors  of  II  kind  in  the  range  of  inductions  froa  0  to  6-8 
T.  Expressions  for  the  losses  per  unit  volume  SP  are  obtained  for  the 
sanple/speciaen  (superconducting  vein/strand  of  multicore  cable)  of 
the  square  section,  placed  into  the  transverse  magnetic  field  whose 
lines  of  force  are  directed  in  parallel  to  one  of  the  sides  of 
square,  with  this  geometry  the  distributions  over  the  section  SP  of 
the  current  density,  magnetic  induction  and  electric  field  depend 
only  on  one  coordinate.  Tnese  distributions  are  obtained  froa  the 
decision  of  the  equations  of  aaxwell 

(2) 

•Wt?---^-  (3) 

together  with  equation  (1) .  In  equation  (2)  is  not  written  the  tern, 
which  corresponds  to  the  current  density  of  nixing.  In  view  of  the 
large  density  of  critical  current  in  SP  of  the  II  kind  this  is 


DOC  *  80069220 


PAG#  srT'  i 

ll>' 

coapletely  justified.  The  account  of  the  fact  that  the  veins/strands 
have  actually  round,  but  not  square  section,  gives  the  correction 
factor,  which  differs  little  iron  the  unit. 

Integrating  the  power  of  losses  np«je eav  by  the  voluee  SP  and  on 
the  tiae  of  a  change  in  the  aagnetic  induction  froa  0  to  aaxinun 
value,  we  obtain  aagnitude  of  losses  per  unit  voluae  SP  for  the  half 
cycle  of  magnetization.  During  calculations  it  is  expedient  to  break 
the  aaplitude  range  of  variahle/al ter na ting  aagnetic  induction  into 
two  parts:  saall  inductions  (B«8P)  and  large  inductions  (B >BP)-  The 
induction  of  penetration  bp  -  such  the  value  of  induction  on  the 
surface  SP  with  which  the  power  of  losses  becones  different  froa  zero 
in  entire  voluae  of  snap la/speciaen.  In  the  case 

Bp--B0Wb’*4h0«u  ,  <4> 

in  question  where  2a  -  transverse  size/diaension  of  the 
superconducting  veia/strand. 

when  a < Bp  tha  expression  for  the  losses  per  unit  volune  SP  with 
an  increase  in  the  induction  fron  0  to  aaxiaus  value  Bm  takes  the 
fora 
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In  region  8  »BP  with  induction  change  froa  Bp  to  Bm  we  have 


where  k 


u0*a 

"V 


*  dimension less  parameters. 


(7) 

and 


r,(e.hU  £!££!«£.,.  j£^L»0  g(<2g-2k)^ 


♦fV(7*4k)(W2K)  + 


As  an  example  were  eade  auaerical  calculations  according  to 
foraulas  (S)-(3)  for  three  values  2a  -  250,  20  and  2  n  and  for 

three  curves  jc(B),  shown  in  Pig.  1.  Curves  1  and  2  correspond  to  two 
concrete/specific/actual  saaples/specieens  eade  ffron  the  alloy  nbzt. 
Curve  3  depicts  idealized  case  of  dependence  ie*eon«t.  curves  jc(t)  are 
selected  in  such  a  way  that  they  all  would  intersect  at  one  point 
with  B*<t  T,  ie  »  lo^fr?,  by  tb*  being  predicted  operating  point  of  the 
superconducting  coil  electrosagnet. 
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The  field  of  penetration  Kill  he  greatest  for  the  s&eple/speciaen 

with  the  transverse  size/diaension  of  250  p,  prepared  froa  the 

substance,  which  correspoods  to  carve  1,  and  saallest  *  for  the 

saapLe/speciaan  with  the  size/diaeasioa  of  2  n  froa  the  substance, 

which  corresponds  to  curved  3.  Pig.  2  gives  dependence  Bp  on  the 

transverse  size/diaension  of  vein/strand  for  one  of  tha  alloys 
N8  Ti . 

«han  Bm  < Bp  the  losses  per  unit  voluae  SP  depend  on  8m  by 
appraxiaately  exponential  fora.  Exponent  -3-4.  (ihen  Bm>Bp  this 
dapaadanca  approachas  logaritaaxc.  Tha  results  of  calculations  are 
given  in  Pig.  3.  Curves  1-1,  1-2  and  1-3  relate  to  the  substance, 
which  corresponds  to  curve  1  in  Pig.  1,  curves  2-1,  2-2,  and  2-3  -  to 
the  substance,  which  corresponds  to  curve  2,  and  3-1,  3-2  and  3-3  - 
to  tha  substanca,  which  corresponds  to  curved  3.  'to  curves  of  1-1, 
2-1,  3-1  and  1-2  ara  noted  by  the  saall  circle  of  the  points,  which 
corraspond  to  tha  inductions  of  penetration.  For  other  curves  of  the 
induction  of  penetration  do  not  exceed  0.1  T,  and  in  Fig.  3  they  are 
not  noted. 


As  can  ba  seen  froa  Fig.  3,  with  large  inductions  (Bai*8*)  the 
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losses  ace  approximately  proportional  to  the  transverse 
size/diaension  of  the  superconducting  vein/strand.  Kith  the  saaller 
inductions  this  law  is  not  retained.  Moreover*  in  certain  cases  of 
loss  in  SP  with  the  larger  transverse  sizes/diaensions  they  prove  to 
be  seallec  than  in  SP  with  the  saaller  transverse  sizes/diaensions 
vith  identical  dependence  jc(B)- 

The  iaportant  result  of  the  calculations  conducted  is  the  fact 
that  vith  the  induction  4  T,  with  which  all  saaples/speciaens  have 
the  identical  critical  density  of  current*  losses  for  the  different 
saaples/speciaens  are  not  identical  vith  one  and  the  saae  transverse 
size/diaension.  Saaples/speciaens  vhose  dependence  jc(B)  has  larger 
lift  vith  B-*0,  have  large  losses.  This  naans  that  by  the  aethod  of 
selection  SP*  vhich  has  veaa  increase  2c  vith  the  decrease  of 
induction*  it  is  possible  to  lover  losses  in  SP  aagnet*  retaining 
constant/invariable  other  characteristics  of  the  superconducting  coil 
electroaagnet.  siven  calculations  sake  it  possible  to  interpret  the 
character  of  the  axperiaental  dependences  of  quality  and  losses  oa 
the  aaplitude  of  aagnetic  induction  and  on  the  transverse 
size/diaension  of  conductors  £5*  bj. 

Besides  the  given  above  calculations*  vere  obtained  the 
expressions  for  the  power  of  loseea  in  SP  taking  into  account  the 
transport  current*  flowing  throughout  the  saeple/speciaea  ia 
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question,  ia  regions  Bm* 8p  and  Bm>Bp.  Intagrating  these  expressions 
by  the  cycle  time  and  tna  volume  or  S?  of  the  winding  in  which  8m  is 
a  function  of  coordinates,  rt  is  possible  to  calculate  losses  in 
entira  voluae  of  the  superconductor  of  any  concrete/specific/actual 
magnet. 


i 


Fig.  i. 


?ig.  2. 


Pig.  1.  Dependences  of  density  of  critical  current  on  aagnatic 
induction  foe  different  saaplas/speciaens  SP.  1  -  Bo=0.  <*4  T# 
<**4.44.10*  S/a3;  2  -  B„«4  T,  «=B.10*  N/a3;  3  ■>  Ba*4  0  T»  «*4.4.10l* 
N/e3. 

Kay;  (1)  .  T. 

Pig.  2.  Dependence  of  induction  of  penetration  Bp  on  transverse 
size/diaension  of  superconducting  rein/strand  for  case  a*1.2.10»®  of 
»/B 3  B*2. 134  T. 

«•*:  {*)  .  T.  (2)  .  u. 
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Pig.  3.  The  dependence  of  losses  per 
1. 2-1  • 3- 1-4*1 25  p;  1-2. 2-3-2  -  S*10  p 


unit  volase  SP  1 
;  1-3. 2-3.  3-3  - 


Kay:  (1).  J/ca*.  (2).  T. 
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?.  A.  Podop'yanov.  M as  conducted  the  experinental  check  of  results? 

L.  I .  Grebea*.  Mas  conducted  qualitative  tasting,  agreeaent  is. 

P.  A.  yodop'yaaov.  What  are  dirferences  in  your  thaory  froe  the 
previously  developed  theory? 

L.  I.  Gcaben'.  Difference  as  in  the  fart  that  is  in  detail  exaained 
the  region  of  3aall  inductions,  and,  apparently,  naw  result  consists 
in  the  fact  that  with  snail  inductions  the  thinner  sanple/speelaen 
can  possess  Large  Losses. 
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Page  167. 

83.  Da  the  development  of  accelerators  to  the  supechigh  energies  with 
the  supercool  acting  coil  electromagnets. 

8.  L.  dartin. 

(Argon  laboratory,  USA), 

The  purpose  of  this  work  lies  in  the  fact  that  to  note  aost  e 
froa  the  point  of  view  of  the  author  of  the  advantage  of  the 
superconducting  coil  electroeagnets  in  application  to  accelerators  to 
the  very  high  anergies,  nanely,  the  possibility  of  aaintaining  the 
maxiaua  aagnetic  field  during  limited  tine  intervals  without  the 
energy  consuaption.  if  it  would  be  possible  to  accelerate 
sufficiently  intense  beaa,  then  the  realization  of  prolonged  brace 
(100  s  and  lore)  it  would  sake  it  possible  3-4  tines  to  decrease  the 
porosity  in  expedients  in  physics  of  high  energies  in  comparison 
with  the  values,  achia v ed/reached  on  the  contenporary  proton 
accelerators,  with  all  resultant  imports nt  consegua nces. 

On  the  basis  of  the  general/common/total  idea  indicated  when 
selecting  of  constructing/designing  the  accelerator,  it  is  possible 
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to  attain  considerable  savings,  in  addition  to  tha  savings,  caused  by 
the  essential  siaplification  tne  technological  probleas  of  the 
u3e/application  of  the  superconducting  coil  electroaagnets  in  the 
accelerative  technology,  wnich  is  expected  in  the  near  future.  This 
is  possible  to  achiave,  utilising  cospar atively  slow  acceleration 
node  (for  exaaple,  by  the  auration  of  10  s)  and  annular  aagnet  of  a 
large  radius  with  a  coaparativeiy  week.  field,  which  has  iron  aagnetic 
circuit  and  supercon ducting  windings. 

Tha  powar,  necessary  cor  exciting  this  nagnet,  will  be  directly 
proportional  to  the  rate  of  tne  increase  of  field  and  to  its  aaxiaua 
value  for  the  pc^scribed/assigned  final  enargy;  with  the  approach 
indicated  both  these  values  can  be  substantially  lowered/reduced.  The 
analogously  accelerating  nf  voltage  diractly  proportional  to  the  rate 
of  the  increase  of  field;  with  a  larger  radius  of  nagnet  it  is 
possible  to  utilize  a  large  nuaner  of  high-frequency  stations  of 
seallac  power.  Paraaeters  of  both  the  systees  indicated  can  be 
selected  tailing  into  account  the  porosity,  not  less  than  lOo/o,  which 
leads  to  the  suppleeentary  savings. 

it  the  initial  stages  of  the  realization  of  accelerators  with 
the  superconducting  coil  electroaagnets  the  use  of  iron  for  tha 
creation  of  the  basic  configuration  of  the  leading  aagnetic  field 
considerably  siaplifies  cany  technological  problees,  conaected  with 
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the  use/application  of  the  superconducting  coil  electromagnets  for 
the  creation  of  aagnetic  fields  in  the  synchrotrons.  To  lost 
significant  froa  these  prooiess,  thus  far  not  yet  obtained  the 
checked  in  practice  decision*  they  relate  the  setting  up  of  the 
superconducting  coils  with  the  higa  pracision/accuracy,  required  in 
the  synchrotrons,  aachanical  strength  and  stability  of  the  position 
of  coils  under  the  influence  of  tne  considerable  forces,  which  appear 
with  the  increase  of  field  to  of  the  aaxiaua,  the  guarantee 
sufficiant  cooling,  and  finally,  the  possibility  to  saintain 
exclusively  saall  allowances  for  the  end  sections.  During  the  use  of 
iron  as  the  aain  factor,  which  is  deteraining  field  pattern,  the  ways 
of  resolution  of  technological  prooleas  are  obvious  and  well  known, 
the  necessary  field  current  is  minimal,  thanks  to  which  significantly 
lower  the  forces,  which  act  on  tha  coils,  and  the  necessities  for  the 
cooling  (which  are  already  saall  because  of  a  saall  pulse  repetition 
frequency) ;  at  the  current  density  kA/ca*  tha  section  of  the 

iron  core  of  aagnet  strongly  it  decreases  in  coaparison  with  the 
aagnats  of  contaapocary  synchrotrons  with  the  saae  strength  of  field, 
cooling  iron  down  to  the  low  teaperatures  facilitates  the  theraal 
insulation  of  coils  and  are  decreased  the  requireaants  for  the  vacuus 
systaa,  whici  during  the  operating  node  indicated  are  very  rigid.  The 
totality  of  these  factors  aakas  it  possible  to  obtain  a  cooperatively 
inexpensive  annular  aagnet,  so  that  its  replaceaenc  by  new  aagnet 
with  the  higher  field,  which  gets  up  to  the  agenda  in  proportion  to 
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the  perfection  the  of  super conducting  coil  electromagnets  technique, 
will  not  involve  exorbitant  expanditures/consunptions.  Thus,  the 
tendency  of  the  creation  of  the  accelerators,  pereitting  an  increase 
in  both  energy  and  intensity  as  a  result  of  consecutive 
reconstruction,  will  be  further  developed.  This  idea  was  advanced  in 
the  radiation  laboratory  of  Laurence,  is  for  the  first  tias  realized 
in  the  aational  laboratory  of  accelerators  and  it  wa3  continued  by 
the  soviet  project  of  the  construction  of  accelerator  on  1000  Se7  and 
by  the  project  of  the  construction  of  accelerator  on  300  SeV  in  CER it. 

Page  268. 

The  problaa  of  the  injection  aore  than  of  10»*  protons  for  one 
second  is  solved.  The  colleagues  of  Argonne  national  laboratory  hope 
to  deeonstrata  in  practice  the  possibility  of  its  econoeical  decision 
in  the  near  future  based  on  the  example  to  the  injection  of  negative 
hydrogen  ions  into  the  snail  synchrotron  -  injector  with  the  high 
pulse  repetition  frequency,  successful  resolution  of  this  problem 
would  sake  in  practice  possible  creation  of  high-energy  accelerator 
with  the  superconducting  coil  electromagnets,  which  works  in  the 
eode/conditions,  shown  in  Pig.  1,  and  with  the  duration  of  brace  of 
■ore  than  100  s,  that  gives  the  accelerated  beat  latansity  than  10** 
protons  per  second.  Xt  is  obvious,  are  possible  soee  changes  in  the 
■ode/conditions  indicated,  ensuring  optieun  conditions  for 
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•x  perimant. 

The  autaor  assuses  tflat  although  aa  increase  in  the  intensity 
has  the  iaport&nt  value  vita  the  loner  energies  for  the  detailed 
investigation  of  the  properties  of  the  low-lying  resonances  and 
particles  of  the  sufficiently  saall  lass,  and  also  during  the  study 
of  the  coapletely  new  regions  of  nuclear  interaction,  the  decisive 
role  belongs  faster  not  to  an  increase  in  the  intensity,  but  to  an 
increase  in  ths  energy.  The  plan/layout  of  the  construction  of  this 
aachine  will  provide  for  tne  initial  period  of  usual  construction, 
which  has  as  a  goal  possibly  the  aore  rapid  achieveeent  of  in 
practice  useful  high  energy,  and  following  of  in  practice  useful  high 
energy,  and  the  subsequent  thirty-year  period  of  iaproveaent  for  the 
purpose  of  an  increase  both  energy  and  intensity  of  the  bean  during 
which  the  reconstruction  of  accelerator  will  be  accoeplished /realized 
with  the  ainiaua  expenditures,  conparati vely  short  interruptions  in 
its  use  for  tha  physical  investigations.  The  program  of  ieproveeent, 
calculated  for  the  very  prolonged  period,  can  be  stopped  in  any  stage 
in  such  a  case  when  the  fundaneatai  problem  of  nuclear  forces  will  be 
finally  it  is  solved,  otherwise  the  final  goal  of  this  direction  in 
the  development  of  accelerative  technology  coapletely  can  be  the 
creation  of  the  second  accelerative  ring,  identical  to  the  first  and 
intersecting  with  it  life  the  intersecting  rings  is  CBBN.  Therefore 
this  possibility  eust  be  froe  the  very  beginning  taken  into 
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consideration  in  the  construction/design  of  accelerator.  Initially 
this  second  ciag  will  be  it  serves  as  the  accumulator /storage  of 
particles  for  main  accelerator  eats  the  storage  tine,  which  amount 
to,  possibly,  by  100  s.  In  this  way  in  neck  ring  completely  it  is 
possible  to  obtain  intensity  of  10 45  protons  per  pulse.  In  this  stage 
the  second  ring  would  be  a  precise  copy  of  basis,  but  it  would  work 
in  the  constant  duty  at  the  level  of  the  field  of  the  injection  of 
main  accelerator.  Subsequently  the  addition  of  pulse  supply  and 
high-frequency  system,  and  also  an  increase  in  the  power  of  cooling 
would  make  it  possible  to  convert  this  ring  into  the  accelerator, 
identical  to  the  first,  and  to  carry  out  experiments  on  clashing 
beams  with  the  maximum  energy  intensity  than  10 »*  protons  in  each 
beam. 

It  is  ob vie  us  that  the  actual  advantages  and  disadvantages  in 
this  concept  from  the  point  of  view  both  technology  and  cost/value 
can  be  revealed  only  in  tae  process  of  detailed  study  and  developnent 
of  the  design  of  concrete/specific/actual  accelerator.  This 
investigation  is  not  yet  carried  out.  Thus  far  is  proposed  only  the 
basic  idea,  which  differs  froa  the  existing  concept  in  the  relation, 
which  froa  tha  very  beginning  is  intended  to  utilize  the 
superconducting  coil  electromagnets  taking  into  account  their 
advantages,  in  particular  for  the  promising  accelerators  on  the 

energy  it  is  toca  than  1000  Gev.  If  such  accelerators  are  required 
for  the  resolution  of  the  fundasental  problem  of  nuclear  forces,  they 

sust  be  constructed  and  tae  success  of  this  enterprise  can  depend  on 
economic  factors  to  the  larger  degree  than  from  any  othmrs. 
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Pig.  1.  Proposed  node  o£  4  change  in  the  magnetic  field  of 
accelerator  with  the  superconducting  coil  electromagnets  to  the  reef 
high  aneegias. 
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